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have-perfected an outlet “flush” valve which 
assures pasteurization 
milk in. the pasteurizer. An Automatic 


Flush Valves 


may be attached 
the valve outlet chamber to record the sterilization of th 
drip, seepage and milk smears in the valve body. 
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by the GHICAGO HEALTH DEPARTMENT: 


Send for Bulletin No. 2109 


Entered a9 second-class matter June 9, 1917, at the Postoffice at Baltimore, Maryland, under the act of 
‘Marehi 2, 1879, Acceptance for mailing at speetel rate of postage provided for in seetion 1103, 
Act of October 3, 1917.. Authorised on July 16, 1918 
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New Series De Laval Separators 
— A Revelation in Clean Skimming 


M&: M. WILKENSON of the Nashville Pure Milk Company, Nashville, 
Tenn., writes: ““We have kept a very close check on our No. 91 
New Series De Laval Separator and find the Babcock test shows that the 
skimmed milk seldom exceeds 1/100 of one per cent.” 


Numerous letters such as this from users of these New Series De Laval 
machines reveal the fact that this skimming efficiency cannot be duplicated 
by any other machine on the market today. 


Many users have stated that the New Series De Laval Separator skims 
so close that the Babcock test rarely shows more than a trace of butter-fat 
in the skimmed milk. 


The New Series De Laval 
is dependable in every way. 
It is as much improved 
from a mechanical stand- 
point as from that of skim- 
ming efficiency. One of 
these improved points is the 
new form of bowl con- 
struction, which is such as 
to eliminate under ordinary 
conditions the necessity 
of having the bowl re- 
balanced from time to time. 


Upon request we shall 
gladly furnish you with 
more details concerning the 
New Series De Laval Sepa- 
rator. 


New Series in#allation in the 
plant of the 
Nashville Pure Milk 
Company, 
Nashville, Tenn. 


The De Laval Separator Company 


NEWYORK CHICAGO SAN FRANCISCO 
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about 
the New 
Pfaudler 
Pfaudler Mixing and Ripening Tanks in the 
Grantham Branch, Queensland Dairy Associ- ‘*Pfeatherwate”’ 
ation, Australia Truck Tank > 


THE CLIMAX OF COOPERA- 
TIVE DAIRYING IN AUS- 
TRALIA ~ 


As a result of a new 
method of fabrica- 
tion and without sac- 
rifice to the estab- 


““The opening of the Grantham (Australia) plant of the 
Queensland Dairy Association was recently celebrated 
by one of the largest crowds ever attending such a func- 
tion,’’ says the Queensland Times. 


"This new dairy is one of Australia’s finest. In keeping 
with its modern features Pfaudler glass-lined equip- 
ment was installed as all equipment was “especially 
selected for economical, efficient, and hygienic 
handling.”’ 


"Though distance may have been an obstacle, the de- 
pendability of Pfaudler equipment out-weighed this ob- 
jection. But you do not have this to contend with. 
Let us assist you in celebrating a similar success.”’ 


THE 


Dairy Division, 


PFAUDLER C 


MPAN 
ROCHESTER, N. Y. 


lished quality of 
Pfaudler Truck 
Tanks, we now offer 
the Pfeatherwate 
Truck Tank with a 
proven record of 
merit! 


Bulletin No. 683, just 
off the press, com- 
pletely describes this 
new Pfaudler achieve- 
ment. We will gladly 
send you a copy. 
Write today! 


PFAUDLERG 
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ACCURACY AND QUALITY 
FIRST 


It is very easy to tempt people with the glamour of low prices; it is 
really wonderful how a low price fills the mind so completely 

that the VALUE back of the price is lost sight of. The 

prices of 


Nafis Test Bottles 
and Pipettes 


are consistent with the excellent values given and the 
glassware lasts long after the invoice is forgotten. 


NAFIS Test Bottles and Pipettes are made of superior 
quality of glass and are properly annealed for strength. 


They are carefully tested, graduated and numbered ac- 
cording to scientific methods. 


Every test bottle is retested to insure accuracy 
and is guaranteed to conform to the speci- 
fications of the state or country for which 
it is made. 


The graduated scales are colored with 
durable enamel unsurpassed in lasting qual- 
ities. 


Specify NAFIS GLASSWARE to your 
jobbers. Donot accept substitutes. Write 

~ for our catalog and the names of our dis- 
tributors in your territory. 


LOUIS F. NAFIS, 
INC. 


Cc Test Bottle 


No. S-6950 
am 


Manufacturers of Scientific Glass Apparatus 
for Testing Milk and Its Products 


17-23 N. Desplaines Street, Chicago, III. 


No. S-17.6 


ASK THE MEN WHO USE IT 17.6 C. C. 
Test Bottle Milk Pipette 
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AN EVENT IN SCIENTIFIC PUBLISHING 


Introduction to the History of Science 


The realization of plans of the Carnegie 
By Dr. George Sarton, Institution of Washington, D. C., to fill 
Editor of Isis, a Journal the need for an authentic, appealing, and 
of the History of Science; exhaustive history of science which might 
Lecturer on History of have world wide distribution at the lowest 
Science, Harvard Uni- price consistent with good craftsmanship 
versity; Associate in the in bookmaking. 
History of Science, Car- The first of a series of five or six volumes, 
negie Institution of | each a complete and independent unit, of 
Washington which the whole will form the most compre- 
hensive history of general science ever published. 


The work is stupendous in scope. It 
traces the development of science in every country, among every 
race. It integrates the contributions of the Orient with those 
of the Occident. It reveals obscure sources of scientific discoveries. 
The unique arrangement of the material enables the reader to refer 
readily to any specific period in the development of science. All 
important fields of science are surveyed. 

Volume One covers the development of science from the dawn of 
Greek and Hebrew knowledge in the ninth century, B. C., to the time 
of Omar Khayyam, the second half of the eleventh century, A. D. 

Every volume in the series will be as necessary a part of the library 
of any scientific worker as is the dictionary. Public libraries and 
institutional libraries will need several copies. Written in a style 
fascinating and entertaining for the general reader as well as for the 
scientist. 

Bound in attractive, substantial cloth, gold stamped. Thoroughly 
indexed. The first volume has thirty-four chapters comprising 783 


pages. 
Price, $10.00 


THE WILLIAMS & WILKINS COMPANY 
Publishers of Scientific Books and Periodicals 


BALTIMORE, U. S. A. 
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The North-Larner Thermometer 


Sensitive-- Accurate--V1stble 


To properly describe the new North- 
Larner Thermometer, illustrated, we use 
the above words in their full meaning. As 
it may be surmised, this instrument is in 
tended for controlling the pasteurization 
process. It meets the exacting require- 
ments of the present day as its accuracy 
is certified by the maker; it is extremely 
sensitive and responds to the slightest 
temperature change; it may be read to 
1/10th of one degree. Illumination is pro- 
vided by means of a concealed electric 
light bulb, which, together with the mag- 
nifying lens placed in front of the mercury 


column, makes reading possible at a dis- 
tance of several feet. 

This thermometer has a tapered seat so 
that it may be set into an I.A.M.D. 
Standard union nut in the hot milk line 
if so desired. 

While the North-Larner Thermometer is 
a very high grade instrument, it is not 
high priced. Because of its accuracy it 
makes an ideal “check” thermometer and 
as it is well protected is not liable to break 
easily. 

Bulletin 1149, giving complete descrip- 
tion, will be sent for the asking. 


The Creamery Package Mfg. Company 


1244 West Washington Blvd. 


Chicago, U. S. A. 


Sales Branches Everywhere 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Influence of Utensils on Milk 
Quality 


Tests made by Professor A. C. Berry of the Board of Health, 
Province of Ontario, Canada, show the profound effects of unclean 
utensils upon the keeping qualities of milk. 


Milk was put into pails of different degrees of cleanliness, and allowed to stand 
at room temperature until it reached an acidity of 0.35, at which it was sour. 
The time it took each to reach 0.35 acidity was recorded. The tests show con- 
clusively the great gain in quality of milk, by giving the utensils a final chlorin- 
ated rinse to sterilize them before use. 


For convenience, the tests extracted are labeled ‘A’, “B” and “C”’. 


Test A—9 pails were washed and sterilized with a final chlorinated rinse. Average 
number of hours it took this milk to reach 0.35—68 hours. 


Test B—9 pails were washed, but without the chlorinated rinse. Average number 
of hours it took this milk to reach 0.35—49 hours. 


Test C—Another lot of 14 pails were given the milk without washing or chlorin- 
ating. These soured 48 hours sooner than those which were washed 
and chlorinated. 


Among his conclusions the author says: 


“Tt is evident that utensils are the major factor to be considered in the pro- 
duction of clean milk of maximum keeping qualities.” 


“Adequate steam treatment, or where this is impracticable, chlorination, is 
most essential in the care of utensils.’’ 


“Next to utensils, is the necessity for thorough cleaning of fanks and udders 
of the cows.”’ 


Less than one per cent of dairy farms are equipped to sterilize utensils by any 
effective heat method. B-K sodium hypochlorite provides the simplest and most 
effective way to sterilize farm utensils and to clean and disinfect cows’ udders and 
flanks. Disinfecting the platforms where udders rest when cows lie down, also 
helps prevent milk contamination. 


Using B-K for above purposes, not only aids effectively in the production of 
purer milk, but helps prevent spread of disease among the cows, thus the average 
milk flow is increased; more milk is produced from less cows; Jabor and feed are 
saved and profits increased. 


Milk plants are coming to realize that their and the farmer’s troubles and in- 
terests are largely identical, and that the farmer must be put on a more profitable 
basis—the practical way is to help stop those preventable losses at the farm, 
thus increasing profits for farm and factory, without raising prices. 


Write for our plan of farm control of bacteria and infective organisms. It is 
simple, quick and economical. 


GENERAL LABORATORIES 


158 SOUTH DICKINSON ST. MADISON, WISCONSIN 
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A METHOD FOR THE SAPONIFICATION OF BUTTER 
FAT FOR DETERMINING THE REICHERT 
MEISSL NUMBER* 


GEORGE SPITZER anv W. F. EPPLE 


Dairy Department, Purdue University Agricultural Experiment 
Station, LaFayette, Indiana 


In this laboratory for the past fifteen years many thousand 
Reichert-Meiss! determinations have been made. During this 
period we have used, at different times, one or the other official 
methods. After numerous trials we confined our work to the 
saponification of the fat under pressure with alcohol, preferring 
this method to the other two methods. In spite of its apparent 
simplicity, it frequently happened that the alcohol was not com- 
pletely removed, due to the solution and mixture with the soap 
formed during saponification. 

We, therefore, tried to saponify the fat without the use of alco- 
hol. After numerous trials we found that by adding concentrated 
solution of potassium hydrate directly to the 5 grams of fat, the 
fat being previously heated to 80° to 100°C., shaking slightly to 
thoroughly mix the fat and potassium hydrate solution. This 
mixture was placed in an electric oven for thirty to forty minutes. 
At the end of this time saponification was complete. The results 
obtained by this method of saponification were checked against 
the three official methods with very consistent results. 


METHOD 


Use a 250-cc. low form Griffin beaker, pyrex glass preferred. 
Balance beaker, place a 5-gram weight on opposite pan and with 
a pipette run into beaker approximately 5 grams of melted butter 
fat, weigh added fat to the third decimal place. 

Place the weighed fat in an oven heated to 100°C. until tem- 
perature of fat reaches 80° to 100°C., remove and add 3 ce. of 


* Received for publication January 14, 1927. 
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potassium hydrate solution,! by a circular motion mix fat and 
potash solution. After being mixed in this manner incline beaker 
to an angle of 45° and rotate. Some of the mixture will spread on 
side of beaker. Continue this rotation until the mixture thickens 
by cooling. Place beaker in oven at 100°C. and let it remain 
for thirty to forty-five minutes to complete saponification. Place 
beaker in desiccator to cool also to prevent the absorption of 

To transfer the saponified fat to the distilling flask break the 
cake of soap into small pieces by means of a glass rod, transfer the 
broken pieces to flask, the adhering particles on beaker and glass 
rod are removed by means of previously boiled hot distilled water. 
This water must be accurately measured. The total volume 
added should be 130 cc. When soap is dissolved in the distill- 
ing flask add 10 cc. of dilute sulphuric acid A. O. A. C. P. 247— 
23 (d), then proceed as directed by the official method, p. 248— 
25, 1920. 


ADVANTAGES OF THIS METHOD 


1. Speed in weighing the fat, weighing is made directly by 
pouring the fat into the counterpoised beaker. Variations from 
5 grams need not exceed + or — 0.1 gram. 

2. Rapidity in saponifying the fat and transferring the saponi- 
fied fat to the distilling flask. 

3. No foreign substances such as alcohol or glycerine are used, 
either of which may effect the results. 

4. The contamination with CO, is reduced to a minimum. 


1The solution of potassium hydrate is that of the A. O. A. C. method, page 
247-23 (b), 1920, i.e. 100 grams of KOH to 58 cc. of distilled water and protect 
from CO;. 


“SYNTHETIC MILK” AS A BASIS FOR RESEARCH* 


W. MANSFIELD CLARK 
Hygienic Laboratory, United States Public Health Service, Washington, D. C. 


Some time ago, while attempting to formulate the chief features 
of the acid-base equilibria of cows’ milk, my attention was called 
to two distressing matters of very considerable importance to 
milk chemistry and milk technology. In the first place I found 
in the enormous literature no analysis of milk sufficiently com- 
plete and at the same time sufficiently well interpreted for my 
purpose. One of the several deficiencies lay in the interpretation 
of the origins of the phosphate appearing in the ash. Without 
definite and unequivocal knowledge of the distribution of phos- 
phorus between the various organic forms and the phosphate 
entering the buffer action of milk, there could be no assurance 
in the treatment of buffer indices. The second matter was the 
lack of adequate information upon the conduct of even simple 
systems in which phosphate, calcium and citrate take part simul- 
taneously in acid-base equilibria. Without this the next impor- 
tant step for milk chemistry— description of the conduct of such 
systems in the presence of milk proteins could not even be guessed. 

The question of the analytical composition of milk has always 
been in some confusion because of the well known variability. 
This has needlessly overshadowed the advantages which could 
be gained from a complete physical and chemical analysis of one 
sample made with due consideration for the sources of error and 
with those types of duplication which would insure reasonable 
completeness for purposes of interpretation. The question of 
the conduct of simple systems involving citrate, phosphate and 
calcium may appear beside the point to one whose attention is 
focused upon the variability in the physical stability of cows’ 
milk, for it may be argued that each milk is, in a sense, a new 
problem, and the study of variants is of more immediate impor- 

* Published by permission of the Surgeon General, United States Public Health 
Service. Received for publication December 27, 1926. 
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tance to milk technology than is so academic a question as the 
conduct of a definite simple system remote from a complete 
milk. With such a point of view I would disagree most vigor- 
ously. The very fact of variability, both in chemical composi- 
tion and in physical stability, precludes simultaneous studies 
having the completeness that the problem demands. One has 
only to inspect the existing data to realize that the correlations 
which it has been possible to make with the equipment and 
personnel of one laboratory are very limited, and that there 
lingers about every case the suspicion that undetected changes, 
as the investigator passes from case to case, may vitiate some 
of the sweeping conclusions that have been drawn. 

Now there should be no fundamental difficulty in establishing 
a systematic survey of the citrate-calcium-phosphate equilibria 
mentioned. Much can be done with the combination of analyti- 
cal measurements and hydrogen electrode measurements. Much 
more can be done if the calcium electrode can be developed. 
Still more will be done if the limitations in the classic equations 
for acid-base equilibria are recognized and dissociation constants 
and solubility products applicable to the environment of milk 
are determined and used in place of the constants determined for 
dilute and simple solutions. 

In the meantime, it seems to me that some advances can be 
made with the use of a synthetic milk the gross composition of 
which can be determined by the ingredients used and the physi- 
cal properties of which can be determined roughly at least by the 
manner of preparation. 

Synthetic milks have been proposed before, more as curiosities 
than as a serious basis for experimentation. Porcher and Cheval- 
lier (1923) have cited these in their elaborate review of the com- 
position of cows’ milk. The fundamental difficulty with those 
proposed, as with Porcher and Chevallier’s choice of terms in 
which to express the composition of true milk, is the use of specific 
salts which are assumed to exist as such in milk. In the first 
place, there is no justification whatever for neglecting the labile 
equilibria among the ions of the salts mentioned. The specifica- 
tion of definite salts gives an entirely erroneous impression. In 
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the second place, the fact of an irreversible shift in equilibria 
on the heat-treatment of milk shows definitely that a stable 
equilibrium in the original milk has not been reached and the 
attempt to duplicate the conditions of milk by the use of salt 
mixtures which will tend toward stabilized equilibrium before 
the final product is formed defeats one of the purposes to which a 
“synthetic” milk can be put. 

Neglecting for the time being the minor constituents of true 
milk and the so-called excretory products found therein, we may 
arbitrarily assume the composition listed in table 1. 


TABLE 1 
Assumed composition of milk 
GRAMS EQUIVALENTS MOLS 
PER LITER PER LITER PER LITER 

0.30 0.0148 
28.0 
7.2 
0.2 


There are innumerable ways in which a system of the composi- 
tion cited can be constructed. However, there is at least one 
very definite limitation upon practical ways and means. This 
is the excessively large proportion of calcium which must be 
handled with sulfate, citrate and phosphate. The very low 
solubility products for certain salts of calcium and these ions 
will result in premature precipitation and a final product not 
remotely resembling milk. Therefore, the problem is largely 
one of choosing that combination of salts and of choosing an 
order of mixing the solutions which may be presumed to furnish 
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the desired product. Whether or not this product represents 
the conditions of true milk remains to be seen. But it is the 
possibility of controlled variation in composition and in physical 
state that should make such a product a valuable material of 
research. 

Of several possible schemes the following seems promising. 

In its use the albumin and other proteins not casein were not 
available and were replaced by the equivalent of casein. 


Mols 


. 0.0074 MgO 0.298 grams | Dissolve with 
Selution 1 0.0211 KH,PO, 0.873 grams warming and 
0.0104 Citric acid. H,O 2.185 grams dilute to 100 ce. 

P 0.0014 CaCO; 0.140 grams | Dissolvecold. Di- 
Selution 3 { 0.0014 28 ce. x/10 HiSO, lute to50cc. and 
use while fresh 


Solution3 0.0141 CaCl. 1.565 grams or preferably the equivalent of 
an analyzed solution. Dilute to 50 cc. 


0.0171 KOH 17.1 ce. n/1 KOH 


0.0232 NaOH 23.2 ce. n/1 NaOH } Dilute to 50 ce. 


Solution 4 { 


Solution 5 (for 200 cc. ‘‘synthetie milk’’ in which casein represents total 
protein) 
7.0 grams casein 


10.0 grams lactose } in 130 ce. N/20 Ca(OH), solution 


To prepare a lime-water as strong as N /20, thoroughly saturate 
the solution while it is cooled with surrounding ice. Add this 
slowly to the casein while the casein is being ground in a deep 
glass mortar. Finally stir with a motor-driven stirrer. 

Add 10 ce. of solution 4. When the solution is free from sus- 
pended material add 10 grams lactose. As soon as this is dis- 
solved add at once 10 ce. of solution 3 and 10 ce. of solution 2. 
Now set the motor at high speed and to the rapidly stirring solu- 
tion add very slowly from the fine tip of a pipette 20 cc. of solution 
1. When this addition is complete dilute the “milk’’ to 200 cc. 

“Milks” prepared in this manner have the appearance of a 
very “blue” skim milk. 

A sample in which the KOH-NaOH mixture was replaced by 
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NaOH and in which the casein employed was an unanalyzed 
sample of Harris casein “‘Nach Hammarsten’’ yielded the follow- 
ing data. 

It was stable in the sense that no settling of the solid phase 
occurred when centrifuged one-half hour at 2500 r.p.m. in a 
large centrifuge (constants of centrifuge not determined). When 
sterilized by heat in a sealed tube a slight precipitation was 
observed after eight months. Analysis for N showed only 3 
per cent casein indicating a high moisture content in the original 


5 
6 
7 
8 
NaOH per x HCL per 100% 
Fie. 1 


casein and some little loss by adherence to the walls of the prep- 
aration vessel of a few grains of the coarse preparation. Total 
solids by customary procedure 8.44 per cent—representative 
value for solids not fat in real milk, is about9. Ash bycustomary 
procedure 0.65—representative value for real milk 0.7. By 
reason of the absence of the minor constituents of milk the sample 
should show not only appreciably lower percentage composition 
but also an appreciably higher melting point. Two samples 
gave —0.521°C. as compared with —0.55°C. for true milk. 
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This synthetic milk formed rapidly with rennet a typical curd. 

Heating to boiling temperature in a test tube produced a 
more markedly milky appearance. The rennet action was then 
delayed. 

No effort was made to equilibrate the solution with respect 
to normal CO, content. This can be done subsequent to the 
preparation. Measured as prepared and with a hydrogen elec- 
trode at 30°C. it gave an initial pH of 6.66. A representative 
value for milk is 6.6 + 0.1. 

The titration curve is shown in figure 1 by the dotted line. 
The good agreement between this titration curve and the titra- 
tion curve of a real milk shown in figure 1 by full curve should 
not deceive the reader. In neither case are details of composition 
accurately known. ‘Therefore it is only the gross aspects of the 
agreement which are worthy of present discussion. 

Regarding the titration curve of true milk shown in figure 1 


as typical, we find by graphic methods inn = 0.0186 at pH 6.6 
and in = 0.0242 at pH 6.0. Practically the same values 


apply to the “synthetic milk.” 

The “synthetic milk’ described above should provide a ma- 
terial with which systematic studies can proceed. It is necessary, 
however, to give this warning. It will probably be found that 
the inclusion and the omission of the protein will furnish two 
radically different buffer values for the other components accord- 
ing to whether hydrogen electrode measurements are made on 
the system at equilibrium or before sufficient time for true equi- 
librium has elapsed. Compare, for instance, the curves for 
phosphate-Ca systems as described on the one hand by Davis, 
Oakes and Salisbury (1923) and, on the other hand, by Holt, 
LaMer and Chown (1925). The proteins must be regarded as 
not only contributing to the acid-base equilibria directly but as 
conditioning the state of solid phases. The latter effect will 
probably have to be duplicated by non-electrolytic colloids when 
the ionizable proteins are withdrawn. 

The order in which components are mixed and the rate of 


| 
| 


“SYNTHETIC MILK” AS BASIS FOR RESEARCH 201 


mixing will doubtless be found to influence the colloidal state 
of the product. In this connection it may be said that it seems 
highly improbable that certain of the dispersed but undoubtedly 
solid phases in which certain of the salts occur could be secreted 
as such by the mammary gland. Therefore, it is not too much 
to suggest that ingenious modifications of the rather crude scheme 
outlined above might lead to knowledge of components which it 
would be possible for the gland to secrete independently. 

Of immediate importance is the use of such a controlled 
product in solving quantitatively the problem of the state of 
calcium and phosphate in milk. This is a matter of considerable 
importance not only to the technology of milk but to public 
health. We are informed that a very large proportion of our 
people show, in bone structure, evidences of incipient rickets and 
that the margin of safety in the assimilation of calcium and phos- 
phate is extremely narrow. Improvement in the modification of 
cows’ milk for infant feeding can hardly proceed with intelligence 
until the problem mentioned above is solved and solved in the 
exact and quantitative language of equilibrium data. 
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THE ROLE OF GELATIN IN ICE CREAM* 


G. D. TURNBOW anp F. W. MILNERt 
University of California, Davis, California 


The writers assume in this paper that a certain amount of 
viscosity is desirable. If it is desirable, what ingredient or 
group of ingredients is responsible for the viscosity as determined 
by the MacMichael Viscosimeter? Dahlberg of the New York 
Experiment Station, and others as well as this station, found 
that butterfat exerted some influence upon the viscosity of the 
mix. The milk-solids-not-fat exert more influence than does 
the butterfat but none of the dairy products exert the influence 
upon viscosity that does gelatin. As an illustration an ice cream 
mix containing no gelatin had an initial viscosity of 64.9 centi- 
poises upon cooling to 20°C. Five-tenths per cent gelatin was 
added to part of the same mix and immediately cooled to 20°C. 
and the initial viscosity was 237 centipoises. An ice cream mix 
containing no gelatin will increase its viscosity. It is not un- 
usual to obtain an increase of 500 per cent or greater in apparent 
viscosity due to the addition of gelatin. 

Since gelatin seems to be the most important ingredient in 
obtaining viscosity, it will be the purpose of this paper to discuss 
the partial rédle of gelatin in an ice cream mix. 

Gelatin is a protein and may be defined as the most typical 
of reversible colloids. Due to its chemical and physical proper- 
ties, it is an excellent stabilizer of emulsions. The importance 
of stabilizing an ice cream mix is recognized, and it is being 
given a great deal of consideration. 

There are two types of viscosity in an ice cream mix. One 
may be defined as real viscosity which is found in all solutions 
of crystalloids and colloids alike which have no connection with 
colloidal behavior. The other may be called apparent viscosity 

* Received for publication June 1, 1926. 


+ Some of the data for this article were taken from the work of Mr. Milner pre- 
sented as partial fulfillment of the requirements for his M.S. degree. 
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which is viscosity due to the swelling of submicroscopic solid 
particles in a solution. The apparent or colloidal viscosity has a 
greater order of magnitude than real viscosity. 

The difference in the magnitude of casein and gelatin is due 
(1) to the fact that the gelatin possesses greater mechanism for 
increasing its relative volume in solution. The submicroscopic 
particles of gelatin or micellae occlude large amounts of water 
whereby the relative volume occupied by the gelatin is increased, 
these microscopic particles being the forerunner of a continuous 
gel to which the gelatin solution has a tendency to set. 
ye There undoubtedly is a colloidal structure built up in an ice 
cream mix which has varying degrees of stability. This fact is 
borne out by Bogue (2) and others. 


TABLE 1 
Effect of quality of gelatin on viscosity 
Number 30 certified wire 


VISCOSITY (POISES) 
NUMBER 
Twenty-four hours Forty-eight hours 
1 2.60 9.36 
2 9.36 15.08 
3 13.52 26.00 
4 28 .60 Set* 


_ * Too heavy to run. 


The viscosity of a crystalloid solution is dependent only upon 
concentrations and temperature while in the case of colloidal 
viscosity we have quality, concentration, temperature, time and 
agitation. In the case of an ice cream mix the concentration 
is largely dependent upon the quality of the gelatin used. 

Bogue states that the gel consistency is proportional to the 
undergrade protein present in the gelatin. 

The quality of the gelatin has much to do with the viscos- 
ity (3) as shown by table 1. 

The gelatins used above represented four grades and had a 
large range of gel strength from poor to excellent. The com- 
position of the mixes in all cases was the same—11.00 fat and 
36.84 total solids, 0.5 per cent gelatin in all four mixes. 
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Hatchesk states that the formation of a gel structure will vary 
with the brand and grade of gelatin. Less than 0.25 per cent 
will not set even at 0°C. 


EFFECT OF AMOUNT OF GELATIN ON VISCOSITY 


Our work on gelatin concentration bears out the work of 
Downey and others in proving that with each increase in amount 
of gelatin there was an increase in viscosity. The increase in 
viscosity was not nearly so great in smaller quantities (less than 
0.4 per cent) as above. However, this depends largely upon 
the grade of gelatin used. (See table 2.) 


TABLE 2 
Effect of varying amounts of gelatin 
34 wire 
TIME AGED AMOUNT OF GELATIN VISCOSITY CENTIPOISE 
hours per cent 

2 0.2 64.6 

24 0.3 102 

24 0.4 428 

24 0.5 1224 

24 0.6 2892 


This particular mix contained 10.78 per cent fat, 36.79 per 
cent total solids, to which gelatin was added in varying amounts 
(0.2 to 0.6 per cent). 

The gelatin used in this mix was one of the better grades of 
gelatin. 

The temperature of the mix during the aging period is important 
if the maximum amount of viscosity (all other factors: being 
constant) is to remain in the finished ice cream. The colloidal 
structure derived from gelatin is very unstable under certain 
conditions. Von Schraeder (8) points out that the viscosity of 
a gelatin solution increases 0.1 per cent in sixty minutes, while 
by lowering the temperature to 24°C. there is an increase in 
sixty minutes of 1.5 per cent, and at 21°C. there is a 750 per cent 
increase in sixty minutes. As the temperature decreases the 
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threads lengthen and at the same time the water adsorbing power 
increases. This accounts for the rapid increase in viscosity with 
decreased temperature. 

The increase in rigidity of the gelatin structure will depend 
upon the amount of the free solvent in the interfaces and the 
amount of solvent that has been taken up in the hydrated and 
imbibed condition. 

The time required to age a mix properly is not the same for 
all mixes. If a poor grade of gelatin is used more time must be 
allowed for the gelatin to hydrate and the viscosity to develop 
than with a good grade of gelatin. 

If viscosity is such an important factor and gelatin is the most 
important factor in obtaining viscosity, what, then, are some of 
the characteristics of gelatin that tend to stabilize viscosity? 

Some authorities state that a good gelatin should make up a 
clear solution. Our study of gelatin does not indicate that color 
bears any great definite relation to jell strength, solubility, rate 
of setting or odor. 

We find gelatins on the market varying in pH that make up 
clear solutions in water and by changing their pH they become 
turbid upon approaching the isoelectric point. We may take 
a turbid gelatin and make it clear by a change in pH away from 
the isoelectric point. By altering the pH away from the iso- 
electric point, we weaken the gel strength and viscosity. This 
is accounted for by Bogue (7) who states “That the greatest 
opacity results from large aggregates of less swollen particles. 
This maximum of opacity occurs at the isoelectric point. Any 
decrease in size of the aggregates or increase in hydration results 
in greater clarity or transparency of the solution.” 

This means that almost any gelatin may be made clear or 
turbid by altering its pH away from or toward its isoelectric 
point. 

Table 3 illustrates the effect of the pH on the clarity of the 
gelatin solution. 

We have found at least one exception which was undoubtedly 
due to the partial removal of the turbidity by the process of 
manufacture which does not necessarily improve the quality of 
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the gelatin for the manufacture of ice cream, though it does 
improve its general appearance in a water solution which is the 
way we have come to know gelatins. 

The gel strength is influenced markedly by the pH of the 
gelatin as shown by the inversion test. Bogue (9) points out 
that the maximum gel consistency is at the pH of 4.0 to 4.5. 
In our work we used 1.5 per cent gelatin in water solution. The 
writers found that the gel consistency increased as the gelatin 
solution approached the isoelectric point. A weak gelatin may 
be strengthened if it has, for illustration, a pH of 7.0 or 3.0 by 
changing it to approximately 4.7. This does not mean that it 
would be possible to take a poor grade gelatin and by changing 


TABLE 3 
Effect of the pH on the clarity of the gelatin solution 
SAMPLE NUMBER pH COLOR 

1 7.0 Clear 
1 4.7 Turbid 
1 3.0 Clear 
4 5.3 Turbid (slightly) 
4 4.7 Turbid 
4 3.0 Clear 
2 6.6 Clear 
2 4.7 Turbid 
2 3.0 Clear 


the pH make a high grade gel, although it may be improved 
somewhat. The odor of gelatin in water solution warmed to 
approximately 140° to 160°F. will indicate somewhat the grade. 

Some gelatins were found to be apparently free of liquefying 
and putrefactive organisms but the pH was so high that they 
would not grow, and by changing the pH to approximately that 
of an ice cream mix these same gelatins showed the presence of 
large numbers. Some gelatins are sold to the trade with a pH 
so that those undesirable types would develop upon incubation 
in a water solution, while others would not. 

Since the strongest gel is obtained when the gel is at a pH of 
approximately 4.7 and an ice cream mix under factory conditions 
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is approximately 6.30 (we realize that this figure varies slightly, 
depending upon source and quality of products used) the ques- 
tion arises whether the large reservoir of salts in the mix is 
sufficient to change the pH of the gelatin without materially 
changing the pH of the ice cream mix. If this is so, then gelatin 
should be purchased upon a little different basis than in the past. 


TABLE 4 
Effect of pH of gelatin upon pH of miz 


MIX NUMBER SAMPLE pH or GeLatixn pH or mx 
A 1 7.6 6.27 
A 2 3.8 6.23 
A 3 3.8 6.17 
A 4 4.0 6.18 
A 5 No gelatin 6.24 
B 6 4.7 6.42 
B 7 3.0 6.21 
B 8 6.3 6.25 
B 9 8.0 6.30 
B 10 No gelatin 6.31 
Cc ll 4.2 6.33 
Cc 12 7.0 6.37 
Cc 13 3.8 6.23 
Cc 14 5.8 6.26 
Cc 15 No gelatin 6.30 
D 16 3.8 6.27 
D 17 7.0 6.33 
D 18 4.0 6.26 
D 19 7.6 6.28 
D 20 No gelatin 6.29 


As would be expected, the usual range in the pH value of 
gelatin affects but little the pH of an ice cream mix. The effect, 
if any, is of no commercial importance. 

By referring to table 4, we conclude that the gelatin, regard- 
less of its pH, changes to that of the ice cream mix. Undoubt- 
edly there would be present in the average ice cream mix sufficient 
salts to change the pH of the gelatin to that of the mix. In 
table 4, each mix was divided into five parts and 0.5 per cent 
gelatin added with varying pH values to four of them, and to 
the fifth, no gelatin was added. All of the above readings repre- 
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sent four or more pH determinations. The variations in a mix 
with different gelatins, while excessive in some types of solutions, 
are not considered excessive by the authors, due to the complexity 
of an ice cream mix. 

The pH determinations were made by use of the Type “K”’ 
Potentiometer using a Clark cell, the sample being bathed with 
a flow of hydrogen generated by hydrolysis. Uniform technique 
was followed in all samples. The pH of gelatins can easily and 
accurately be determined by the colorimetric method as de- 
scribed by Brown (4). 

Many authorities are of the opinion that good gelatin aids in 
preventing the formation of ice crystals. It has been the writers’ 
observation that the gold number is of little value in the evalua- 
tion of the quality of gelatin. It has been our experience that 
ice cream containing no gelatin has a greater tendency to form 
ice crystals. The concentration and quality of the gelatin has 
much to do with this phenomena. It was partially explained 
by Menz (5) when he showed that the protective action of gelatin 
is increased as the concentration is decreased. The work of 
Menz was corroborated by Elliott and Sheppard (6). Their 
conclusions were that the protective action is dependent upon 
the concentration of amicrous present in the solution. 


SUMMARY 


1. Gelatin seems to be the most important ingredient in ob- 
taining viscosity as determined by the MacMichael. 

2. Two types of viscosities are present in an ice cream mix 
which may be defined as real and apparent. The latter is very 
unstable under certain conditions. 

3. The quality of gelatin is largely responsible for the amount 
of viscosity that may develop during aging. 

4. The color of the gelatin and water solution does not neces- 
sarily indicate the quality of the gelatin. 

5. The gel strength of the gelatin is influenced markedly by 
the pH. 

6. Regardless of the initial pH of the gelatin, it assumes the 
pH of the ice cream mix probably due to the reservoir of salts 
and the small quantity of gelatin added (0.3 of 0.5 of 1 per cent). 
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STUDIES ON YEASTS IN DAIRY PRODUCTS 
Ill. THE PINK YEASTS COMMON IN MILK AND CREAM®* 


W. A. CORDES anv B. W. HAMMER 
Department of Dairying, Iowa State College, Ames, Iowa 


INTRODUCTION 


The yeasts forming pink colonies are very conspicuous among 
the organisms isolated from dairy products. While there is 
considerable variation in the color produced, this does not ordi- 
narily extend to the point of questionable color production; 
occasionally a subsurface colony or even a young surface colony 
on certain media may fail to show a definite pink color, especially 
on heavily seeded plates, but usually color is produced in such 
amounts that it is readily recognized whether the colony develops 
on a plate or on some dairy product. Except for the pink yeasts, 
color production among the yeasts present in dairy products is 
unusual; in the examination of many hundreds of plates poured 
from dairy products for the isolation of yeasts, colonies producing 
pronounced colors other than pink have been encountered only a 
very few times. 

A study was made of a considerable number of pink yeasts 
isolated from dairy products and the results are herein reported. 
From the data it appears that there is a common type but that 
certain cultures show variations from this; accordingly the group 
is divided into types and each characterized. 


DISTRIBUTION OF THE PINK YEASTS IN DAIRY PRODUCTS 


The pink yeasts have been repeatedly isolated at the Iowa Agri- 
cultural Experiment Station from a wide variety of dairy prod- 
ucts. Sweet cream coming in from the college cream routes or 
delivered by farmers often contains a few hundred and occa- 


* Received for publication June 9, 1926. 
210 


STUDIES ON YEASTS IN DAIRY PRODUCTS 211 


sionally a few thousand per cubic centimeter. Sour cream nearly 
always contains these organisms and sometimes they are present 
in considerable numbers. Like many of the other yeasts, the 
pink forms are capable of withstanding considerable amounts of 
acid and accordingly they sometimes appear on the surface of 
sour milk or cream or on soft cheese as distinct colonies that are 
usually round, smooth-edged and considerably raised. In some 
instances they occur singly or at least in small numbers while in 
others there may be a considerable number of colonies irregularly 
arranged or in a very distinct row or series of rows; the rows of 
colonies are undoubtedly due to a breaking up of a clump in 
quite the way a row of colonies occurs in an agar plate or, in the 
case of soft cheese, to contamination from a paddle used in 
handling the product. 

Although pink yeasts have been repeatedly isolated from butter, 
colonies have never been observed on this product. The pink 
yeasts are undoubtedly present in butter because of their dis- 
tribution about the creameries and their ability to withstand an 
unfavorable environment. While it is possible that they might 
be capable of forming colonies in butter under certain conditions 
these are apparently not usually provided. 


GENERAL CHARACTERS OF THE PINK YEASTS 


The pink yeasts isolated from dairy products have certain 
characteristics aside from the color produced in colonies on plates 
or other materials. 

Changes are produced in milk rather slowly even in the presence 
of large amounts of growth as evidenced by the mass of pink color 
in a ring at the surface of the milk and in the sediment at the 
bottom. The production of a large amount of growth with com- 
paratively little change in the milk in which this growth occurs is 
rather usual among the yeasts found in dairy products and is well 
illustrated by the pink type. After a considerable time milk in 
which the pink yeasts are growing coagulates and accompanying 
this there is more or less reduction of the litmus, particularly at 
the bottom of the tubes, while the color remaining indicates that 
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the reaction tends toward alkaline; certain cultures then digest 
the milk, and this digestion may eventually be very complete. 

The temperature requirements of the pink yeasts are also of 
interest. These organisms in general do better at 21°C. than they 
do at 37°C., and some fail to grow at all at the latter temperature. 
Other groups of yeasts also seem to have their growth seriously 
interfered with at temperatures that are unusually favorable for 
many types of bacteria so that this relationship is not characteris- 
tic of the pink yeasts alone. 

The colonies produced are usually approximately round on 
the surface of the plating medium and round or elliptical beneath 
the surface. Both the surface and subsurface colonies are quite 
smooth-edged and in the subsurface colonies there is no develop- 
ment of fingers or mycelium-like structures that project out into 
the medium and suggest mold colonies as is the case with many 
yeasts that give a typical yeast-like surface growth. Sometimes 
in old plates some of the colonies develop fissures from which 
cells grow out and form a structure suggesting a new colony, but 
this secondary growth is again smooth-edged; the breaks in the 
edge of the old colonies are more likely to occur in subsurface 
colonies than in surface colonies and are most frequent along the 
sides of elliptical colonies. 


CULTURES STUDIED 


Approximately 90 cultures of pink yeasts were studied in more 
or less detail. These were largely secured from milk, cream, soft 
cheese and butter obtained in the vicinity of Ames; many of the 
cultures were picked from plates poured for the purpose of total 
yeast and mold counts. For the most part only one culture was 
selected from a plate so that the cultures studied came from a 
considerable number of samples of various materials. A transfer 
of a culture isolated from oysters by Hunter! was supplied by Dr. 
Thom and included in the cultures investigated. 


oa pink yeast causing spoilage in oysters. U.S. Dept. Agr. Bul. 819, March, 
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VARIATIONS IN THE CULTURES STUDIED 


A very large per cent of the pink yeasts studied very evidently 
belong to the same species which is referred to as the common 
type. Variations in the intensity of the color produced, in the 
rate of growth at different temperatures, etc. were noted among 
these cultures, as would be anticipated, but undoubtedly these 
simply represent variations within the species and are of little 
significance from the standpoint of classification except to help 
establish the variations to be expected. However more pro- 
nounced variations which follow through several characters were 
also noted with a few cultures. Two groups of these pronounced 
variations were encountered and the organisms showing them 
were considered to constitute two types distinct from the common 
type; these variations are given in detail following the description 
of the common type of pink yeast. 


DESIGNATION OF THE COMMON PINK YEAST 


The common type of pink yeast studied apparently resembles 
very closely the organism referred to as Torula glutinis or Crypto- 
coccus glutinis. However, Guilliermond* has pointed out that, 
“Torula glutinis does not possess a very characteristic appearance 
and a series of related yeasts have been described under this 
name’’; a consideration of the literature shows that this statement 
is amply justified. Golden and Ferris* in discussing T. glutinis 
state that, ‘‘An error seems to have crept into the description of 
this species in regard to its size, the other characters being prac- 
tically the same in all the descriptions.” 

It should perhaps be recognized that in the determination of 
certain characters there are likely to be discrepancies in the results 
reported by different laboratories due to variations in the methods 
even when the same cultures are used and it is possible that these 
variations would be even greater if different cultures of what 
should be considered as the same species were employed. The 
pink yeasts, although giving a rapid growth, bring about few 


? The Yeasts. Translation by Tanner, p. 318. 
* Red Yeasts. Bot. Gaz., 1898, xxv, p. 45. 
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bio-chemical changes and these only very slowly, so that the 
period over which the observations are continued may be an im- 
portant point. Hunter reported, ““No coagulation nor peptoniza- 
tion” of litmus milk for the yeast he isolated from oysters, 
while the culture from Hunter’s isolations that was included with 
those discussed herein gave, after a rather long period, both coagu- 
lation and digestion. 

It seems advisable to consider the common yeast that was 
found in dairy products examined as Torula glutinis and to 
depend on the use of this name and additional investigations of 
the pink yeasts to develop a definite meaning and significance 
for it. 


DESCRIPTION OF THE COMMON PINK YEAST—TORULA GLUTINIS 


Morphology 


Form. The cells were oval. Although spherical appearing cells 
were frequently noted these were presumed to be oval cells seen from 
an end. Elongated, thread-like cells were not observed, even in sub- 
surface colonies. 

Size. The cells varied greatly in size with the length usually ranging 
from 2.5 to 4.0 microns and the width from 1.5 to 2.5 microns. 

Arrangement. Most of the cells were single, although budding was 
common. Buds were most numerous in young cultures but were also 
observed in cultures several weeks old. Only one bud was found 
attached to each mother cell and this always appeared at the smaller 
end. It was unusual to find cells attached unless one was somewhat 
smaller than the other. 

Staining reaction. The cells stained readily. Most of the cells in 
young cultures from both liquid and solid media were gram positive 
while a few were gram negative. Older cultures showed a greater pro- 
portion of the cells gram negative. 

Spore formation. Spore formation was never observed. 


Cultural characteristics 


Whey agar slope. At room temperature growth was quite rapid; 
it was usually distinct in twenty-four hours and increased rapidly for 
several days. The growth was pink, filiform, raised, glistening, and non- 


STUDIES ON YEASTS IN DAIRY PRODUCTS 215 


viscous. Certain variations occurred in the rate of growth and in the 
intensity of the color produced. 

Beef infusion agar slope. Growth was quite like that on whey agar 
in both character and amount. 

Beef extract agar slope. Growth was quite like that on whey agar in 
both character and amount. 

Whey agar stab. At room temperature growth, after twenty-four 
hours, was distinct, especially at the surface, and increased rapidly. 
The surface growth was pink, raised, smooth-edged, glistening and non- 
viscous. Along the stab the growth decreased rapidly from the surface 
and was filiform in character, with the color less pronounced than at 
the surface. 

Whey agar plate colony. At room temperature colonies were fre- 
quently evident after twenty-four hours while after forty-eight hours 
the surface colonies were often up to 1 mm. in diameter and the sur- 
surface colonies about one-third of this. Growth continued rather 
rapidly. The surface colonies eventually became several millimeters in 
diameter and were round, pink, considerably raised, smooth-edged, 
glistening and non-viscous, while the subsurface colonies were round to 
ellipsoid, somewhat pink, and smooth-edged. No filaments or thread- 
like structures were observed. 

Whey gelatin stab. Growth was essentially like that in a whey agar 
stab, with no evidence of liquefaction even after several weeks. 

Bouillons. Plain bouillon and bouillons to which additions had been 
made showed a turbidity and frequently some pink sediment after 
twenty-four hours at room temperature. Growth increased and a heavy 
pink ring was often formed at the surface. Eventually the turbidity 
cleared. Certain sugars, particularly the monoses, seemed to favor 
growth to a certain extent. 

Potato. At room temperature growth was evident after twenty-four 
hours and increased rapidly; it was raised, smooth-edged and decidedly 
pink. In very old cultures in which the potato had dried up the color 
seemed to be brown rather than pink. 

Dunham’s solution. Growth was evident as a fine turbidity after 
twenty-four hours at room temperature. As the growth continued a 
fine sediment developed and as this increased it became quite pink. 
The turbidity eventually cleared. Frequently there was a tendency to 
an increased growth at the surface but no distinct ring or pellicle formed. 

Uschinsky’s solution. Growth was comparatively slow but was evi- 
dent as a distinct sediment after three days at room temperature. The 
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sediment increased in amount as the cultures aged and became pink in 
color. 
Litmus milk. At room temperature growth was evident in two or 
three days as a pink sediment and a beginning ring at the surface, the 
ring often appearing rather granular. A slight reduction of the litmus 
at the bottom of the tube was sometimes observed. As the cultures 
aged the ring and sediment increased in amount. Eventually the milk 
coagulated but this usually required several weeks; the coagulation 
commonly began at the bottom. Most of the coagulated cultures 
showed considerable reduction in the lower portion of the tubes with 
a pronounced blue color at the surface. 

Soured milk. Growth was rapid on the surface of soured milk at room 
temperature. The growth either in stabs or on slopes resembled the 
growth on whey agar in character and amount. 


Bio-chemical features 


Gas production. Gas was never observed either in milk or in bouillons 
to which various additions had been made. 

Oxygen relation. The general character of the growth in various cul- 
tures indicated the preference of the organism for an abundant air 
supply. 

Reaction change. The organisms apparently produced changes in 
reaction only slowly. Milk became alkaline after considerable periods. 
Neutral bouillons to which mannitol, salicin or inulin had been added, 
were alkaline after seven days at room temperature. Bouillons with 
glucose or levulose gave acidities from 0.4 to 0.9 per cent N/1 acid while 
bouillons with galactose, maltose, sucrose or lactose showed still lower 
acidities. 


ADDITIONAL TYPES OF PINK YEASTS 


The types of pink yeasts which show pronounced variations 
that follow through several characters are as follows: 


Type A. Torula rubicunda. Several cultures of this type were 
secured from a number of different sources. The first culture was 
obtained from a sample of well water. The culture isolated by Hunter 
was also grouped here. Later a number of cultures isolated in a dairy 
barn were included. The variations distinguishing this type from the 
common type are: 
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1. The pink color produced was very intense. This was true with 
all the different media used and involved both the surface growth on 
solid media and the sediment in liquid media. 

2. The cells were larger than those of the cultures of the common 
type, and this greater size occurred with various media. The width of 
the cells usually varied from 2.0 to 3.3 microns and the length from 2.5 
to 6.0 microns. 

3. In very old milk cultures there was commonly a digestion of the 
casein. This digestion never appeared until the cultures were several 
weeks old and sometimes it failed to appear at all, due possibly to the 
drying up of the milk. Digestion was never noted in the cultures of 
T. glutinis. 

Type B. Torula paraglutinis. Only two cultures of this type were 
found and these came from the same sample of cream. ‘The variations 
distinguishing this type from the common type are: 

1. With all the different media used growth was quite slow. On 
whey agar at room temperature about three days were required for the 
colonies to be evident while with the usual cultures colonies were evident 
in one day and in three days were often up to 2 mm. in diameter. 

2. In liquid media the growth was more flocculent than turbid, while 
turbidity was common with T. glutinis in liquid media. 

3. With all media the color tended to be slight, and with certain sedi- 
ments developed in liquid media the pink color was so slight as to be 
scarcely detectable. 

4. On agars the growth tended to be viscous. 

5. At 30°C. growth was negative or questionable. With the usual 
cultures growth was very rapid at this temperature. 


DESIGNATION OF THE PINK YEASTS SHOWING VARIATIONS FROM 
THE COMMON TYPE 


Although Type A and Type B show many of the general 
characters of the common type of pink yeasts they seem to con- 
stitute distinct species for which descriptions could not be found 
in the literature. With both of these types the number of cul- 
tures studied is too small to make possible a description that 
shows the variations to be expected but because of their relation- 
ship to the common type of pink yeast it seemed advisable to 
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designate them tentatively. The name Torula rubicunda is 
accordingly proposed for Type A and Torula paraglutinis for 
Type B. 


SUMMARY 


Approximately 90 cultures of pink yeasts were isolated and 
studied in more or less detail. These came largely from milk, 
cream, soft cheese and butter obtained in the vicinity of Ames. 
It was found that most of the cultures belonged to a common type, 
which is considered to be Torula glutinis, although it is smaller 
than the dimensions given in most of the descriptions of this 
organism. Two other types were encountered in small numbers 
and named Torula rubicunda and Torula paraglutinis to make 
possible their distinction from the common type. A description 
of Torula glutinis is given together with a list of the variations 
from this type shown by Torula rubicunda and by Torula 


paraglutinis. 


SEPARATION OF CANE SUGAR FROM WATER ICE* 


ALAN LEIGHTON 
Research Laboratories, Bureau of Dairy Industry, United States Department of 
Agriculture, Washington, D. C. 

Makers of ice-cream products occasionally find a water ice in 
which the cane sugar has crystallized, making the product hard, 
chalky in appearance, and unpalatable. The researches de- 
scribed in this paper may help those who have experienced such 
a difficulty, since the conditions governing the crystallization of 
sucrose from frozen solutions have been established with con- 
siderable exactness. 

In considering this problem, the solubility, temperature, and 
freezing-point relationships of cane-sugar solutions of varying 
concentrations should be established if possible. Those tempera- 
tures incident to normal ice cream work are, of course, of primary 
interest. 

Upon the cooling of an unsaturated dilute solution to the proper 
point, ice separates from it. This separation concentrates the 
sugar in the unfrozen part, and as the temperature lowers this 
concentration increases. By plotting temperatures and concen- 
trations incident to these temperatures, the freezing-point curve 
is obtained. Similarly, if a highly concentrated solution is 
cooled, its saturation point is reached, after which, under suit- 
able conditions, sugar crystals are thrown out of solution. This 
process lessens the concentration of the sugar in the water, and 
increasingly lower temperatures are necessary to force out further 
crystals. These data, plotted in a manner similar to the freez- 
ing point data, yield the solubility curve. These curves approach 
each other, and at their point of coincidence is found a solution 
saturated to sugar and in equilibrium with ice. Under ideal 
conditions further abstraction of heat from this mass does not 
lower the temperature but brings about the separation of both 
sugar and ice until the mass has become solid, after which the 
temperature is of course lowered with further removal of heat. 


* Received for publication June 1, 1926 
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This point of complete solidification is known as the eutectic 
point. It is at once evident that if a sugar solution is frozen of a 
concentration less than that represented by the eutectic, sugar can 
not be separated from it until this eutectic temperature is reached, 
because the solution will not until then become saturated with 
sugar. This means, then, that if water ice is not brought to a 
temperature lower than the eutectic for cane sugar, the sugar can 
not separate. In other words, if the ice is not stored at too low a 
temperature this difficulty can not be experienced. The purpose 
of the work outlined in this paper is to determine the eutectic 
temperatures for cane sugar. 

Guthrie (1) in a paper published about 30 years ago states that 
this eutectic temperature is about —8.5°C. (16.7°F.). He also 
gives some data on the freezing points of different sugar solutions. 
Pickering (2) has also given some freezing-point data. Certain 
difficulties are encountered in determining the freezing points of 
the highly viscous cane-sugar solutions; and since the measure- 
ments recorded in these papers were made before the develop- 
ment of accurate methods, Mr. P. N. Peter of these laboratories 
has redetermined the position of this curve. His data are plotted. 
There is a very fair agreement among the data of the three men. 

A similar survey of the work published on cane-sugar solubility 
failed to disclose any measurements carried out at the lower tem- 
peratures. Such measurements also offer considerable difficulty 
owing to the high viscosity of these concentrated solutions, with 
the resultant tendency to supercooling, and especially with the 
remarkable tendency of cane sugar to resist crystallization. 

Work is in progress to determine definitely the solubility of 
cane sugar in water at the lower temperatures. For the purpose 
of this paper, however, it will be sufficient to determine empiri- 
cally the solubility of cane sugar, since there are other means of 
locating the eutectic of the cane-sugar solution. 

Where S is the solubility of sugar in 100 parts of water and ¢ 
is the temperature in degrees Centigrade, the empirical formula 
(3) is: 


28162 
157.97 


Ss 
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The solubility curve of cane sugar calculated from this formula is 
given in figure 1, together with the freezing-point curves. It will 
be seen that the solubility and freezing-point curves intersect 
at a temperature of about —12°C. (10.4°F.). This temperature, 
lower than that given by Guthrie, is sufficiently low for the hold- 
ing of water ices, at least those of moderate sugar content. 

be It now remains to determine the accuracy of the figure. A 
rather simple method, and one often used in metallurgical work, 
is to determine the rate of cooling of a sugar solution with the 
idea that if sugar separates from it because of heat liberation 
incident to this reaction, the rate of cooling will also change. The 
reverse process can also be carried out, namely, to warm the 
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Temp. in Deg.C 


-16° 


20% 407, BO%, 100% 
Per cent Sucrose 
Fig. 1. AND FREEzING Point Curves or SUCROSE-WATER SOLUTIONS 


frozen mass and determine the rate of warming. This procedure 
is perhaps the better one, since it is possible to supercool such a 
solution, and the sugar separation may not come at the true eu- 
tectic. This is not the case with the warming process since, if 
equilibrium is always attained in the separation of the ice (and 
there is every reason to believe that it is), the sugar can not dis- 
solve until the eutectic is reached. In this work, as clear-cut 
results are not to be expected as are usually obtained in metal- 
lurgical studies because of the comparatively poor heat conduc- 
tivity of the sugar solutions and the slow crystallization or resolu- 
tion of the cane sugar. The method is of value, however, as the 
results show. 


The experimental procedure was as follows: About 20 pounds 
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of cane-sugar solution containing 25 per cent sugar was placed in 
the hardening room after freezing in the regular power ice-cream 
freezer. About 0.5 per cent gelatin had been added, which was 
sufficient to permit whipping in the freezer. In a liquid mass the 
ice crystals could concentrate on the surface of the mix, while 
here the gelatin gave the mass enough structure so that no such 
separation could take place. The temperatures in the center of 
the can were measured with a thermocouple with an accuracy of 
about one-fiftieth of a degree, the temperature being measured at 
varying intervals from five minutes to one-half hour, depending 
upon the rapidity with which the material was found to be cool- 
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-15° 

Time in one hour periods Time in one hour periods 
a b 


Fig. 2. a, WarmiNnG Curves or WarTER Ice; b, WARMING 
Curves or Ick CrEAM 


ing. The curve is given in figure 2a. It will be noticed that 
there is a distinct change of slope at a temperature of about 
—12°C. (10.4°F.). The warming curve also shows a change 
of slope at this temperature, and it is justifiable to conclude that 
this is the true eutectic temperature for cane-sugar solutions in 
water. In this particular instance, while some of the sugar had 
crystallized, the sugar separation was only partial, since the 
author was able to remove a small portion of unfrozen material 
from the mass when it was at a temperature of about 0°F., which 
substance showed a concentration of 73 per cent sugar. This 
represents a point in the freezing-point curve in the supersaturated 
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area, which is very good proof that ice crystallization reached 
equilibrium at all times during the experiment. 

Figure 26 also shows the warming curve for an ice-cream mix. 
This curve is given because it shows that with a considerable 
sugar separation the temperature of the mass remained un- 
changed for nearly three-quarters of an hour. The discussion of 
the separation of milk sugar and cane sugar from ice cream will, 
however, be the subject of another paper. It should be noted 
here that the crystallization, due to the presence of substances 
other than water and sugar, takes place at a slightly lower tem- 
perature in the ice-cream mix than in the water ice. 

In conclusion it may be stated that if water ice is not cooled 
to a temperature equal or below —12°C. (10.4°F.), sucrose can 
not separate from the solution. It may be well to emphasize 
that the value of this temperature is in no way dependent upon the 
original concentration of the sugar solution, also that it will in 
all probability be altered but little by the flavoring material 
added to the water ice. The probability of crystallization after 
this temperature is attained will undoubtedly be greater with the 
more highly concentrated sugar solutions. 

The author is indebted to Mr. O. E. Williams for aid and advice 
with the work. 
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BUFFERS OF MILK AND BUFFER VALUE* 


J. H. BUCHANAN anp E. E. PETERSON 
Department of Chemistry, Iowa State College, Ames, Iowa 


Since buffers are considered as substances which, by their 
presence in solution, increase the amount of alkali or acid that 
must be added to cause unit change in pH, the question of 
their occurrence in milk would be important. Clark (1) gives 
the following with regard to buffers: “By buffer action, we mean 
the ability of a solution to resist change in pH through the addi- 
tion or loss of alkali or acid.” 

Among the agents, which act well as buffers, are mixtures of 
weak acids or bases and their salts. Milk might be expected 
to have a definite buffer value, due probably to the combined 
effects of salts and protein matter present. Van Slyke (2) has 
shown that human blood has a rather definite buffer value of 
0.0228 at pH of 7.4. Milk is known to bear a close relationship 
to blood. Both have a small amount of sugars and protein in 
true or colloidal solution. These together with the inorganic 
salts are definite enough in quantity so that both milk and blood 
exhibit a definite osmotic pressure as measured by the freezing 
point. Since blood is well buffered against rapid change in pH 
it might be considered that milk would also show a definite buffer- 
ing effect. 

The importance of the buffer value of milk may be illustrated 
in a number of ways. In bacteriological experiments using milk 
as a media, if milk should have a constant or uniform buffer 
value, the rate of growth of bacteria could be observed by noting 
the acidity produced. However, if milk does not possess a very 
uniform buffer value at any pH range (5), the extent of growth 
could not be accurately made without, in each case, determining 
the buffer value of milk used. In a similar way the quantitative 
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estimation of the various sugars in milk (3, 4), in which acidity 
produced by microérganisms is taken as the measure of the 
amount of carbohydrate present, would be very difficult, unless it 
were known that milk had a definite buffer value. Also, if differ- 
ent milk samples possessed widely varying buffer values, it would 
be possible for a highly buffered milk to remain sweet longer 
than a more poorly buffered one. It would necessarily take a 
larger amount of lactic acid to produce the same change in pH in 
the former as compared to the latter milk. Again, indefinite 
as the chemistry of milk may be, a number of investigators 
(6, 7, 8, 9, 10) seem to agree that acid phosphates and casein are 
responsible for the greatest part of the original acidity of milk. 
Granting these to be the chief causes of the original acidity of 
milk, it is reasonable to assume that a high acid milk should ex- 
hibit a greater buffer action than a low acid milk (11) because 
of the greater phosphate and casein content. 

In this work Van Slyke’s (2) method of measuring buffer values 
was used. A convenient quantity of. the solution to be tested 
was taken and the pH measured. Strong acid or alkali, usually 
0.5 n KOH or HCl, was added in small measured amounts and 
the pH measured after each addition. The buffer value was 
obtained from these data by plotting the amount of acid or alkali 
used against the change in pH produced. If too large a range is 
not taken, this average buffer value represents closely the actual 
buffer value at any point in that small range. As a numerical 
measure of the buffer value 6 of a solution, Van Slyke (2) pro- 
poses to take the number of gram equivalents of strong alkali 
or acid taken up by a liter of solution per unit change in pH. 
Since 6 varies with varying pH, the value at any given pH is 
defined by the ratio dB/dpH = 8 expressing the relationship 
between the increment (in gram equivalents per liter) of strong 
base or acid B added to a buffer solution and the resultant incre- 
ment in pH. 

An example of the calculation of 8 is given to illustrate the 
method of evaluating the constant. 

From figure 1 the following values may be taken from the 
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A. SOce} milf. 
+ NaH PQ,. 


SN KOM added to sumple 


Fie. 1 
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curve A. For the pH range 7.0 to 7.5 it required 0.58 cc. of 0.5 
n KOH to cause a change of 0.5 pH in a 50 cc. sample of milk. 


(25 xos) 


dpH 0.5 50 

where dB is the fraction of a gram equivalent of KOH added, 
dpH = 0.5 and 1000/50 is the ratio to change the experimental 
results from a 50 cc. sample of buffer solution to a 1 liter quantity. 
This value 8 is always a positive one, for if we add strong acid, 
it is equivalent to adding a negative amount of base. The pH 
increase is also negative, hence £ is positive. In these terms a 
solution has a buffer value of 1 if a liter of that solution requires 
1 gram equivalent of strong acid or base per unit change of pH. 

The apparatus employed was the regular Leeds and Northrup 
potentiometer using the customary set-up for H-ion determina- 
tion. The Hildebrand hydrogen electrode and a normal calomel 
electrode were used in all of the determinations. Additions of 
acid or base were made from a calibrated burette having a long, 
fine, capillary tip (12) reaching beneath the surface of the liquid 
at a point near the stirrer. This, together with the uniform rate 
of stirring provided by the motor-driven stirrer, prevented the 
possibilities of any “local action,” and insured a rapid and even 
distribution throughout the liquid. Best results were obtained 
with a moderate rate of stirring with a stirrer shaped so that there 
was little churning action. 


RELATIONSHIP BETWEEN pH REGION AND BUFFER VALUE 


Table 1 gives a summary of the buffer values calculated from 
the data obtained over a pH range varying from pH 4.5 to pH 
10.0. It may be observed from the table that the buffer value is 
not very definite in the acid range. In the alkaline range the 
value is more constant giving in the range pH 8.5 to 9.0 a value 
of 0.0067. The values given in table 1 as well as all values 
considered were on unpasteurized milk. 
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EFFECT OF ADDED WATER ON BUFFER VALUE 


If we assume a definite buffer value in the pH range 8.5 to 
9.0, the determination of this value would serve as a method of 
detecting added water in milk providing a variation from this 
value would be produced by dilution with water. Table 2 


TABLE 1 
Variation of buffer value with pH region 


pH zone AVERAGE LIMITING VALUES VARIATION FROM AVERAGE 
4.5 to 5.0 0.03250 0.0379 to 0.0264 +0 .0054 —0.0061 
5.0 to 5.5 0.03255 0.0392 to 0.0280 0.0067 0.0045 
5.5 to 6.0 0.02033 0.0234 to 0.0139 0.0031 0.0064 
6.0 to 6.5 0.01720 0.0200 to 0.0148 0.0028 0.0024 
6.5 to 7.0 0.0157: 0.0165 to 0.0143 0.0008 0.0014 
7.0 to7.5 0.01200 0.0130 to 0.0112 0.0010 0.0008 
7.5 to 8.0 0.00796 0.0094 to 0.0069 0.0013 0.0010 
8.0 to 8.5 0.00635 0.0082 to 0.0060 0.0018 0.0004 
8.5 to 9.0 0.00670 0.0074 to 0.0064 0.0007 0.0003 
9.0 to9.5 0.00950 0.0118 to 0.0082 0.0023 0.001% 
9.5 to 10.0 0.01520 0.0174 to 0.0134 0.0022 0.0018 

TABLE 2 


Effect of added water on buffer value 


SAMPLE | | SAMPLE 2 | SAMPLE 3 | SAMPLE 4 | SAMPLE 5 

Volume of water added to 50 ce. of milk....... 10 ce. 10 ce. 15 ce. 15 ec. 15 ce. 
For pH range 6.5 to7.0............ 0.0160 | 0.0060 | 0.0165 | 0.0165 | 0.0174 
0.0114 | 0.0115 | 0.0123 | 0.0116 | 0.0119 
3. ee 0.0080 | 0.0079 | 0.0075 | 0.0080 | 0.0080 
ee 0.0060 | 0.0062 | 0.0072 | 0.0066 | 0.0064 
NS ere 0.0068 | 0.0068 | 0.0074 | 0.0070 | 0.0068 
9.0 to 9.5............| 0.0096 | 0.0098 | 0.0100 | 0.0098 | 0.0102 
ee 0.0154 | 0.0158 | 0.0176 | 0.0170 | 0.0170 


gives data from which the conclusion would be drawn that dilu- 
tion of milk up to 30 per cent with water does not affect the buffer 
value. No error would then be introduced due to the dilution of 
the milk with the reagent required to bring the pH to a definite 
range. 
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BUFFER EFFECT DUE TO CASEIN 


In the determining of the buffer values in the acid range, 
it was found that the casein was precipitated in the range pH 
4.5 to 5.0, usually at about pH 4.7. No marked change in buffer 
value was observed in this range. Hence it would be concluded 
that the casein exerted very little influence as a buffer in this 
pH range in milk. Bailey and Peterson (13) noticed but little 
change in buffer values of flour extracts on the precipitation of 
the protein matter. 


TABLE 3 
Effect of added Na,HPO, on buffer value 


SAMPLE| SAMPLE| SAMPLE| 8A MPLE/ SAMPLE| 8AMPLE| SAMPLE SAMPLE 
6 7 8 9 1 12 13 


0 ll 
5 ec. 5 ee. Sec. | 2.5ce. | 2.5ce. | 2.5cc. | lee. lee. 
Quantity of NasHPO, added to u/3 u/3 u/3 u/3 M/3 u/3 u/3 
SN solu- | solu- | solu- | solu- | solu- | solu- | solu- u- 


tion tion tion tion tion tion tion tion 


pH range 6.5 to 7.0....... 0.0262)0. 0 .0237/0 .0192/0 0189 


0.0222/0 0190/0 .0212 0 .0168/0 .0170/0 .0174/0 .0138/0 .0144 
0.0122/0 .0142/0 .0132/0 .0096/0 .0108)0 .0108/0 .0092/0 .0086 
8.0 to 8.5...... .|0.0092/0 0102/0 .0090/0 .0082/0 .0084/0 .0084/0 .0074/0 .0086. 
8.5 to 9.0...... .|0.0094/0 .0094/0 .0094/0 .0086/0 .0088/0 .0086/0 .0078/0 .0074 


9.0 to 9.5...... .|0.0130/0 0126/0 0122/0 .0118/0 0118/0 .0114/0 .0114 
9.5 to 10.0...... 0.01900 .0150/0 .0200/0 .0200)0 .0196)0 .0200)0 .0172/0 .0178 

pH after addition of the 
4:5 6.924 |6.917 |6.916 6.681 6.741 |6.741 |6.668 |6.650 


BUFFER EFFECT DUE TO PHOSPHATES 


In figure 1 are given the titration curves of 50 cc. of milk titrated 
with 0.5 n KOH and of 50 ce. of milk + 5 cc. M/3 Na,HPO,. 
The similarity of these curves to the curve obtained on titration 
of a solution of disodium phosphate is easily recognized, and 
suggests the possibility of the phosphates exerting a buffer 
effect in milk. To give information on this point, small quanti- 
ties of NazHPO, were added to milk and the buffer values calcu- 
lated over a range of pH 6.5 to 10.0. These values are shown in 
table 3. The average initial acidity of all samples of milk tested 
was between pH 6.500 and 6.630. By the addition of the phos- 
phate the initial acidity of the milk was decreased. 
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The buffer value is also slightly increased depending upon the 
quantity of the phosphate added. For example, the average 
buffer value for the range 7.0 to 7.5 is 0.0120. The addition of 
5 ec. M/3 Na,HPQ, increases 8 to 0.0212 while 2.5 cc. increases 
the value to 0.0170 and 1 cc. to 0.0140. Since the type of curve, 
as shown in figure 1, is the same and is only modified by having its 
values farther up on the scale, it indicates for this range a very 
close relation between phosphate and the buffer substances pres- 
ent in milk. 

As Na,HPO, in water solution hydrolyzes to give a basic reac- 
tion, that largely accounts for the increase in initial pH and very 
probably for the increased buffer action. It was thought possible 
that the results observed with Na:HPO, might simply be a salt 
effect on the buffers contained in milk, that is, that any salt 
might modify the buffer values in the different ranges in some- 
what the same manner. On the addition of KCl, CaCl, and . 
FeCl;, to samples of milk it was found that while the buffer 
value was affected, the results were neither regular nor in the 
same order as with the Na,HPO,. Hence the effect of Na,HPO, 
would not be considered as a salt effect upon the buffers of milk. 


CONCLUSIONS 


1. The calculated buffer value of milk varies with the pH range 
and is the more definite at the range pH 8.5 to 9.0, with an average 
value of 0.0067. 

2. Casein has very little effect as a buffer in the region of its 
iso-electric point, since the precipitation of the casein has no 
great influence upon the buffer value. 

3. The phosphates of milk are at least among the most impor- 
tant buffers of milk. This is indicated by the fact that there is 
a great similarity between the titration curves of milk and 
Na,HPQ,. 


REFERENCES 


(1) Cuarx, W. M.: The Determination of Hydrogen Ions, 1920 edition, p. 30. 

(2) Van Styxe, D.D.: Jour. Biol. Chem., 1922, lii, 525-70. 

(3) Kenpaui, Arruur I., anp Yosurpa, S.: Jour. Infec. Dis., 1923, xxxii, 
355-361. 


BUFFERS OF MILK AND BUFFER VALUE 231 


(4) Arruur I., anp Yosutpa, S.: Jour. Infect. Dis., 1923, xxxii, 
369-376. 
(5) CuarKk anv Luss: Jour. Bacteriol., 1917, ii, 1-34. 
(6) Borpas anv Touptatin: Ann. fals., 1911, iv, 297-301. 
(7) Borpas: Orig. Com. 8th Intern. Congr. Appl. Chem., 1912, xviii, 67. 
(8) van Dam, W.: Verslag. Land. Ondersoek. Rijkslandbouwproefstat, 1918, 
1-24. 
(9) Tr1LLMANS AND OsERMEIER: Z. Nahr. Genussm., 1920, xl, 23-34. 
(10) Van StyKe anv Boswortu: Jour. Biol. Chem., 1914, xix, 73-6. 
(11) Rice anp Markey: Jour. Dairy Sci., 1924, vii, 468-483. 
(12) Baker anv Van Styke: Jour. Biol. Chem., 1908, xxxv, 137-45. 
(13) BarLey anp Peterson: Ind. Eng. Chem., 1921, xiii, 916-8. 


| 
4 
4 
{ 
| 
} 


A VOLUME WEIGHT STUDY OF ICE CREAM* 


A. W. PHILLIPSt 
Datry Department, Massachusetts Agricultural College, Amherst, Massachusetts 


INTRODUCTION 


The problem concerning the shrinkage of ice cream upon its 
being dished from bulk can containers is an ever-present one 
whenever and wherever ice cream is sold in bulk to the consuming 
public. This problem is assuming greater importance daily as 
the ice cream industry is growing so rapidly. With its direct 
bearing upon the increasing agitation now in progress for a sales 
by weight program and for goods packaged at the manufacturer’s 
plant, it has indeed reached a point of very vital significance to 
the industry. 

It has long been observed that there is considerable shrinkage 
in volume when ice cream is dipped from a can. Numerous 
articles have been written and published upon this problem. 
The latest and most important publications are here given as 
references (1-8). 

The purpose of this research was to ascertain the effect of various 
factors on shrinkage with a view of discovering possible preventive 
methods of diminishing shrinkage. 


EXPERIMENTAL 
Method 


In the scientific study of any problem there must be a standard 
upon which to base results. This is particularly true of any 
work upon ice cream which is of such a compiex nature. So 


* Publication number 58, Massachusetts Agricultural College. Received for 
publication November 4, 1926. 

+t Acknowledgment is here made to Professor H. F. Judkins, former head of the 
Dairy Department, who originally proposed this problem and under whose gu 1d- 
ance the major portion of this work was performed and to Professor J. H. 
Frandsen, present head of the department, for valuable suggestions and criticisms. 
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standard methods of procedure were employed throughout the 
entire work. 

A standard mix containing 12 per cent fat, 10.5 per cent serum 
solids, 38 per cent total solids, 14.5 per cent sugar, 0.5 per cent 
gelatine and 0.5 per cent powdered egg yolk was used in all 
work except as otherwise noted in the text. The mix was made 
from fresh cream, skim milk and skim milk powder. 

The average weight in pounds per gallon of the standard 
mixes was 9.16. 

All freezing was done in a Fort Atkinson freezer of 10 gallons 
capacity. Fifty pounds of mix were used for each batch. The 
ice cream was drawn into 3-gallon cans. These cans were tared 
so that a definite check on the overrun could be obtained, for 
each can was reweighed after filling and the overrun thus accu- 
rately determined. The overruns thus determined were the ones 
used in all calculations. 

An interesting result of this weighing of each can is observed 
when the overrun of the first, second, and third cans drawn are 
compared. ‘The results show that in 65 per cent of the cases the 
second can was of higher overrun than the first can and in 30 
per cent of the cases the second can was of lower overrun. With 
the third can the ratio was 50 per cent higher and 45 per cent 
lower overrun than in the first can. The can of the highest over- 
run was the first can in 9 per cent of the cases, the second can in 
24 per cent of the cases and the third can in 18 per cent of the 
cases. The figures for the lowest overrun are 23 per cent for 
the first can, 7 per cent for the second and 19 per cent for the 
third. These figures are from observations on 58 batches which 
gave 174 cans. 

The overrun was tested frequently during the whipping by 
running out the ice cream into a one pint cup measuring 2;) 
inches deep by 4;'; inches in diameter. The excess ice cream 
was leveled off by means of a saptula. The large diameter of 
the cup permitted the ice cream ribbon to fold into the container 
with a minimum amount of included air holes. The cup and 
contents were weighed on beam scales and the overrun computed 
directly. As previously mentioned, the overrun was checked by 
weighing each individual can. 
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Before dishing, each can was removed from the hardening room 
and placed in a mechanically refrigerated cabinet where it was 
allowed to temper for at least twelve hours. Unless otherwise 
stated all cans were tempered and dished at 10°F. When re- 
moved from the cabinet, the can was immediately placed into 
an insulated jacket and remained therein during the entire 
period of dishing. 

The temperature of the ice cream was taken with a low reading 
thermometer from time to time and no appreciable change in 
temperature was noted except in a few cases when the work was 
interrupted. 

In all the work every factor was kept as nearly uniform and 
standard as was possible, varying but one factor at a time in 
order that its effect alone might be studied. The matter of 
personal equation was kept as nearly constant as could be desired 
by using great care in all phases of the work. The pressure 
exerted upon the dishing tool, the degree of heaping the disher, 
the pressure applied to the ice cream as it was introduced into 
the carton, all were carried out with extreme uniformity. Yet 
at the same time conditions were strived for which were as 
nearly as possible identical with those which would be met with 
in actual commercial work. The data for each can were never 
reviewed until after the entire can had been dished. 


A. Size and type of dishing tool 


In order to study the effect of the size and type of disher em- 
ployed for the dishing of the ice cream, several sizes and types 
were used in these experiments. The regular self ejecting semi- 
spherical disher was used in most work. Wherever the word 
“disher”’ appears, this type of disher is indicated. The size 
number indicates the fraction of a quart contained in one level 
disherful. 

When dishing the ice cream, the number of disherfuls per 3- 
gallon can was noted. Each disherful was placed upon a clean 
tared paper plate and weighed. 

In all dishing, attempt was made not to get too many extra 
full dishers or too many with air spaces in them. To make a 
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solid, even, good looking ball such as commercial dealers would 
dish, the ice cream was pressed into the disher by a slight, yet 
consistent, pressure against the side of the can. The excess 
ice cream was always removed by a twisting motion against the 
side of the can. When an air hole in the disherful was attempted 
to be filled, an extra heavy disherful always resulted. It was 
also noticed that a ball showing an air space was not necessarily 
lighter than one which had a perfect semi-round shape. 

The average data obtained when using the semi-round dishers 
is given in table 1. It will be noted from this table that the 
volume shrinkage is practically the same for all sizes of dishers. 


TABLE 1 
Effect of size of disher 


CAN DISHERFULS EQUIVALENTS 
DISHER Number Overrun | Number =. aGE 

pounds per cent ounces 

No. 10 4 13.7 97 70 3.1 7.0 5.8 42 
No. 12 12 14.0 99 81 2.6 6.9 6.9 44 
No. 16 4 14.2 93 117 1.9 7.4 9.8 36 
No. 20 3 14.0 93 131 1 Oe 6.8 10.9 44 
No. 24 6 14.1 97 170 1.3 7.0 14.1 41 
No. 30 3 13.9 98 209 1.0 6.9 17.1 42 
No. 10 1 13.6 105 94 2.0 9.4 7.8 22 
No. 20 1 18.2 110 167 1.2 8.3 13.8 31 


This may be explained in that the larger scoops require more 
pressure to fill them, where-upon the air is squeezed out to a 
certain degree, and while the smaller scoops require less pressure 
per scoopful, nevertheless they require this smaller pressure to 
be applied to a smaller volume of ice cream, and also this smaller 
pressure must be applied more often or more times per each can 
dished. Therefore the effect of the smaller pressure is more 
additive and equals the larger pressure when the whole can is 
considered. 

In order to obtain data which might show the effect of heaping 
the scoop, two cans were dished and each disherful leveled off 
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with a spatula. The results are added at the foot of table 1 
and are indicated by italics. ‘These figures are of interest be- 
cause the variations in the sizes of the disherfuls should have 
been nil. They also show that a considerable part of the shrink- 
age was due to the heaping of the scoops. This factor will be 
considered again later when the results of loading the ice cream 
into cartons are given. 

Two balls dished from the same can and using the same size 
scoop varied at times as much as 2 ounces in weight. 

Averaging the weights of the disherfuls from the top third, 
the middle third and the lower third of the can, no difference 
was noted. This indicated that the ice cream remaining in the 
can was not compressed by the dishing out of that above it. 
This held throughout the entire work. That this condition 
would not have held with all operators is fairly certain. 

When other tools than the dishers were used for dishing, the 
ice cream had to be loaded into cartons in order to have any 
figures relative to shrinkage. The pint tapered carton was 
arbitrarily selected for a standard. 

The ice cream spoon had a 23 by 33 inches bow] with a some- 
what square end and a short wooden handle. The “trowel” 
was of aluminium, such as is used for leveling ice cream in slab 
moulds. The “trowel” was 44 inches long by 3 inches wide and 
had its outer end curved somewhat to fit the curvature of the 
can. The “round loader” was one now on the market which 
cuts a cylindrical cake of ice cream from the can. The “square 
loader’”’ was also one now on the market which cuts a square 
cake from the can. Both of these loaders are well known to the 
trade. 

In certain instances the shrinkage when computed from the 
number of scoops obtained from a can was more than was indi- 
cated when this same ice cream was placed in the cartons. It 
may at first seem strange that the shrinkage could decrease 
upon further handling. But, as may readily be concluded from 
a careful consideration of the conditions, this decrease in shrink- 
age should have been expected because the ice cream balls when 
placed in the carton do not fit evenly and exactly together. 
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The air spaces remaining account for the increase in volume. 
And some of these air spaces are bound to remain, regardless of 
the pressure used in pushing the ice cream into the container. 
Ice cream once compressed would resist more strenuously any 
further compression. Many of the cartons were stripped in 
order to observe the number and sizes of these air spaces. ‘This 
was done with cartons filled by all the tools. Aim was made to 
fill all cartons to a degree of firmness that would satisfy the 
retail trade. Consistent filling was at all times a chief objective. 
Care was likewise expended that the work did not become fussy 
to the extent that it would not approximate trade conditions. 


TABLE 2 
Effect of type of tool 


PER 
Num-| Net | Over- 
ber | weight} run weight 
pounds |per cent ounces 
Disher all sizes, average............ 9 14.0} 95 | 14.1] 15.2] 39 
7 | 13.9] 96 | 16.6| 12.9] 30 
5 14.0} 94 | 17.3] 12.7] 28 
3 14.5| 91 | 20.0} 10.5| 16.7 


The weight of the pints filled by the dishers was influenced a 
great deal by the manner in which the first few balls were placed 
into the carton. The bottom of the carton being narrower, the 
balls did not fit together as snugly. Successive balls were placed 
in alternate sides of the carton. Table 2 gives the results 
when different types of tools were used. Employing the ice 
cream spoon as the dishing tool, less shrinkage resulted than 
when the dishers were used. In dishing with the ladle, care 
was exercised not to take too large ladlefuls. If they were too 
large, more pressure was required to push the ice cream into the 
carton and the less likely were the air spaces to be filled, even 
though the greater pressure was applied. Also if too small a 
spoonful was taken each time, the ice cream received more in- 
tensive handling and therefore lost more of its overrun. 
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Most of the cartons were carefully examined for air spaces. 
This was accomplished by submerging the carton in hot water 
for a moment and then inverting it over a paper plate, where- 
upon the ice cream fell out intact as a cake and was easily ob- 
served. All the cakes so examined were found to be free from 
air holes which were larger than would be tolerated by the most 
exacting customer. 

In the use of the trowel the same general procedure was followed 
and the same factors were involved as applied to dishing by use 
of the spoon. With the trowel, however, it was easier to cut a 
cake of ice cream which more nearly fitted into the carton. This 
enabled the operator to dish ice cream into the cartons and 
have the ice cream retain more nearly the properties it had when 
in the can. A special case in which the carton is of the round 
type, will be given later when the effect of the type of carton 
is considered. The trowel and round carton were the best 
combination. 

For filling the tapered cartons, the trowel should be wide as 
the top of the carton. This allowed a better filling of the carton 
for as the ice cream seated itself, it conformed snugly to the 
shape of the carton and filled the corners nicely without having 
to be pushed and crowded by excessive pressure. 

Very little success was obtained from use of any of the semi- 
mechanical loaders, so designed as to cut a cake of ice cream to 
fit exactly into the particular carton for which the loader was 
adapted. 

The loaders cut the ice cream from the can without altering 
the condition of the ice cream in any way. Thus the lightest 
weight pints were obtained by use of these dishers which dished 
the ice cream with very little shrinkage. However the author 
believes the objections to their use offset the advantages. All 
such dishers needed to be dipped into water after each time used. 
This was messy at best. The wet tool dripped water into the 
can which water would later freeze and give a coarse or lumpy 
texture to the ice cream subsequently dished. These tools 
having a large surface area, considerable water was therefore 
carried by them. Also considerable ice cream was carried to 
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the wash water. So, after two or three usages, the water became 
quite dirty. When this water dripped upon floor and cabinet 
the messy condition constantly increased. The wash water 
being relatively warm at best, would offer a good place for the 
culture of bacteria which would eventually be carried to the ice 
cream. 

These loaders were necessarily of small enough dimensions to 
allow of their introduction into the container before the expulsion 
of the ice cream. Consequently the cake of ice cream was not 
as wide as the carton and an air space was left between the ice 
cream and the carton. Although the disher did dish a true 
pint, nevertheless the carton of ice cream did not look full and 
actually the ice cream did not measure a full pint if much pressure 
was used in expelling it. If the tool was allowed to get too cold, 
the pressure necessary for ejection became very great. 

With the round type of tool, the ice cream cake could be broken 
off at the bottom from that remaining in the can by a twisting 
motion. However with the square instrument this could not 
be accomplished as easily. Only with intense rocking could the 
cake be freed from the remaining ice cream. This procedure 
necessarily squeezed and compressed the ice cream adjacent to 
the loader in position. 

The temperature of the loaders needed careful regulation 
which was impractical. If too cold, ice cream stuck to the 
outside and great pressure was needed to expel the cake. If too 
warm, the cake often would not break at the bottom. 

The data for all cartons filled showed that there was no per- 
ceptible increase in weight of the cartons filled from the bottom 
of the can over those filled from the top. Thus it would seem 


that there was no compression of the ice cream when the upper 
portions were dished. 


B. Effect of overrun 


The relation of overrun or per cent of swell would seem of 
utmost importance in a study of shrinkage from dishing manipu- 
lations because the shrinkage in volume is due to the squeezing 
out of some of the air incorporated into the ice cream during the 
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freezing process. One would naturally infer that the larger 
amount of air so incorporated would result in a greater shrinkage 
when that particular ice cream was dished. That the results of 
this investigation do not uphold such a conjecture may seem 
rather startling at first but when the factors involved are care- 
fully studied, the data here cited would be expected. 

From the data in tables 3 and 4 it is readily seen that the over- 
run has hardly any effect upon the number of pints obtained, 
namely the shrinkage, but it does, however, govern their weight. 


TABLE 3 
Influence of overrun on number of disherfuls 


CAN DISHERFULS EQUIVALENTS | 
TOOL warts | Dishers | 
Overrun | Number rom AGE 
pounds | percent ounces 
Disher { 4 13.7 97 70 3.1 7.0 5.8 42 
No.10 131 | u2 | | 28 | 73] 65 | 34 


81 2.6 6.9 6.9 44 
84 2.8 7.0 7.0 41 


12 14.0 
4 15.2 


Disher 
No. 12 


3 14.0 131 1.7 6.8 | 10.9 
1 13.3 107 133 1.58} 6.7 | 11.1 


Disher 
No. 20 


99 
80 
Disier 4 14.2 | 93 117 19 | 7.4/1 9.8 | 36 
No. 16 1 15.2 77 131 1.89| 8.2 | 10.9 32 
93 44 
44 


This fact is in accord with the findings of Ruehe (1) but is not 
substantiated by the work of Fisher and Judkins (2), or by 
Bierman (5). It is of interest that one of these investigators 
dished at this laboratory 18} pints from a can of 85 per cent 
overrun and 16# pints from a can of 125 per cent overrun, both 
cans containing ice cream from the same mix. 

The fact that the overrun was found to play such a minor 
réle as regards shrinkage may be explained in that the greater 
the percentage of overrun, the more pliable the ice cream became, 
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and less pressure was required to fill the dishing utensil and the 
carton. There was slightly more shrinkage in cans of very high 
overrun as compared with cans of very low overrun. There 
was probably a difference of about 1 pint at most in amount of 
ice cream dished for overruns between 60 per cent and 120 per 


TABLE 4 
Influence of overrun on number of pint cartons filled 


CAN PINTS OBTAINED | VOLUME 
TOOL PER CENT! CARTON USED 
pounds | per cent ounces 
All Dishers 9 | 14.0 95 | 14.1 | 15.2 Pint tapered 


39 
No. 12 E241 | 13.7 102 | 14.0 | 15.6 42 Quart tapered 
F333 | 14.9 81 | 14.0 | 17.0 42 Quart tapered 
46 
42 


4 pint tapered 
4 pint tapered 


Spoon 7 | 13.9 96 | 16.6 | 12.9 30 Pint tapered 


C142 | 12.7 112 | 18.0 | 10.8 25 Pint tapered 
C121 | 13.2 105 | 19.0 | 11.2 24 Pint tapered 
B101 | 15.9 75 | 18.0 | 14.2 25 Pint tapered 
E312 | 15.6 77 | 18.0 | 14.1 25 Pint tapered 


Trowel 5 | 14.0 94 | 17.3 | 12.7 28 Pint tapered 


F372 | 12.1 120 | 17.0 | 11.0 29 Pint tapered 
E303 | 13.4 106 | 16.0 | 13.2 33 Pint tapered 
F352 | 14.9 81 | 17.0 | 14.2 29 Pint tapered 
F323 | 16.1 67 | 17.0 | 14.7 29 Pint tapered 


F373 | 12.3 120 | 20.0 9.6 17 Pint round 
1.5 17 Pint round 


cent, a range of 60 per cent in overrun. For any ordinary 
ranges in overrun the shrinkage differences were negligible. 
Again emphasis is put upon the fact that all the work was 
done in as uniform and constant manner as was possible in order 
that the effect of the overrun and of that one factor alone might 
be studied. In actual dishing by the average retailer he would 
find the high overrun would compress easier and therefore give 
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it more severe treatment than he would to ice cream of harder 
consistency. 


C. A study of personal equation 


When the results of work done by the author on the influence 
of overrun were reviewed, it was decided to have cans of varying 
overrun dished by different operators. The results of this phase 
of the investigation are listed in table 5. It is of interest to 


TABLE 5 
Results of different operators 
OPERATOR OVERRUN REMARKS 
ounces 
A { 95 18.0 11.9 Good looking packages 
125 18.5 10.1 
B J 95 19.0 11.5 Too careful; long time; 
\} 125 17.6 11.0 small spoonfuls 
c 95 15.0 14.1 Pressed too hard 
125 15.5 12.4 
D 85 18.3 12.6 Difference of 40 per cent in 
125 16.8 10.8 swell 
E { 90 18.0 13.1 Very poor; air spaces 
125 13.5 14.5 
F 67 17.0 14.7 Typical for author; differ- 
120 17.0 11.0 ence of 53 per cent in swell 


Average difference low and high overrun = 1.1 pints more from low. 


note that the average results are consistent with those obtained 
by the author. The same operator, even when experienced, 
will very likely get a difference of one pint or even more when 
dishing in like manner two cans containing identically the same 
ice cream. This will account for the occasional slight variation 
from dishing cans of ice cream from the same mix and batch 
and which have had exactly the same treatment. 
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D. Size and shape of carton 


In order to study all factors encountered in actual trade condi- 
tions, experiments were conducted in which the ice cream was 
dished into cartons of varying sizes and of various styles. 

As is shown by table 6, the size of the carton does not influence 
the shrinkage except to very slight degree. In general the 
smaller the size of the carton, the greater was the shrinkage 
observed in dishing yet this difference was not very great, 


TABLE 6 
Influence of size of carton 


CAN CARTONS FILLED EQUIVALENT vouums 
Num-/ wet | Ov Num- | Weight 
,| weight| run Sise ber | Weight pint aes 
ounces 
9 | 14.0} 95 | Pints | 14.1 | 15.2 | 14.1} 15.2 39 
Disher 
No. 12 3 | 13.8| 95 | Quart | 7 | 32.0| 14.0| 16.0| 42 
3 | 13.9] 96 | 4 pint | 27 7.9 | 15.5 | 13.8 4 
7 | 13.9] 96 | Pints | 16.6| 12.9} 16.6] 12.9 30 
Spoon 2 |13.8| 95 | Quart | 8.5 | 25.9| 17.0| 12.9] 29 
3 | 14.6] 88 | $ pint | 33 6.6 | 17.3 | 13.2 28 
5 | 14.0] 94 | Pints | 17.3 | 12.7 | 17.3 | 12.7 28 
Trowel { 
2 14.2} 95 | Quart 8.5 | 26.3 | 17.0 | 13.2 29 


amounting on the average to about one-half pint per can be- 
tween quart and one-half pint size cartons. 

The lack of any marked variation in shrinkage due to the size 
of carton used together with the uniform shrinkage noted when 
the disherfuls were and were not placed in cartons seems to 
indicate that the most of the shrinkage was due to getting the 
ice cream out of the can and not due very greatly to the process 
of packing it into the carton. The differences which were 
observed were probably due to the tendency of the larger cartons 
to bulge at the sides. Also it may have been due somewhat to 
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the fact that the disherfuls fitted in different manner into the 
different sizes of cartons. 

The results of work using the round and the tapered carton 
which are listed in table 7 showed that there was practically no 
difference in the effect of the type of carton upon shrinkage except 
in the special case when the trowel and the round carton were 
employed. This was due to manipulation. The trowel was 
used to cut a large cake of ice cream from the can. Then using 
the round carton as a sort of cookie cutter, it was pressed down 


TABLE 7 
Influence of type of carton 


CAN PINT CARTON VOLUME 


TOOL 


SHRINE- 
Overrun| Style | Number | Weight AGE 


pounds ounces 


Disher 9 14.0 Tapered | 14.1 15.2 


95 39 
No. 12 13.7 | 97 | Round | 14.6 | 14.8 | 39 
7 13.9 | 96 | Tapered| 16.6 | 12.9 | 30 

Spoon 
4 13.5 | 98 | Round | 16.9 | 12.8 | 30 
5 14.0 | 94 | Tapered| 17.3 | 12.7 | 28 

Trowel { 
3 13.7 | 100 | Round | 20.0 | 10.7 17 


Note effect of trowel with round carton! 


over the ice cream held on the trowel. In this way a cake of 
ice cream was cut out which just fitted into the round carton. 
The sides of the round carton being stiff, this procedure was an 
easy one. Two such cuts usually filled the round carton very 
nicely and by twisting at the end of the second cut, a nice smooth 
surface, flush with the edge of the carton was obtained. Thus it 
was found possible to dish the ice cream with very little shrinkage 
when this combination of tools was used. This furnishes an 
ideal method for dishing ice cream. 
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E. Effect of dishing temperature 


Conditions surrounding the retailing of ice cream vary greatly 
but probably the greatest variable factor is the temperature of 
the cabinet. This has been in the past particularly true al- 
though the widespread introduction of the mechanically refriger- 
ated cabinets and other improved types, have done much to 
remedy the poor temperature conditions, still there is great 
interest in the proper temperature for dishing and the relation 
between temperature and shrinkage. 

F During the early work of obtaining the number of disherfuls 
from cans, when each disherful was weighed, it was noticed that 
the individual disherfuls became heavier if the ice cream became 


TABLE 8 
Effect of dishing temperature 


cam VOLUME 
PERCENT 
oie Net weight Overrun Number Weight CURINKAGS 
pounds ounces 
5 3 14.0 92 17.1 13.0 29 
10 8 13.9 96 16.5 13.0 30 
15 3 13.8 96 16.6 13.1 31 
23 1 13.7 96 20.0 9.88 17 


very soft or if it became very hard. The soft ice cream evi- 
dently filled the disher more solidly while the hard ice cream 
required more pressure to get the disherful and therefore suffered 
loss of air. These results however did not effect the weights or 
numbers of pint cartons filled because in pushing the ice cream 
into the cartons, the very soft ice cream could not be subjected 
to any great pressure, it being squeezed out it attempted, while 
the very hard ice cream would not pack under even severe pres- 
sure and therefore air spaces were left between the lumps. This 
reasoning applies to all ice cream dished at differing temperatures. 
Therefore the temperature equation becomes practically zero 
except for very wide variations. There were two factors work- 
ing against each other, the firmness of the ice cream and the 
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pressure necessary for proper dishing. These effects very nearly 
counterbalanced each other. 

The data observed in this section of the research are given in 
table 8. The cans dished in this study were all tempered at the 
respective temperatures for at least twelve hours. All the dish- 
ing was done using the ice cream spoon and the pint tapered 
cartons. So it may be seen from this table that the temperature 
effect is practically zero except in very extreme cases. 

The best dishing temperature was found to be 10°F. 


F. Effect of varying composition 


The next factor to be investigated was whether the composi- 
tion of the mix might have some vital connection with the 


TABLE 9 
Miz I—14.0 per cent fat, 38 per cent total solids 
CAN PINTS VOLUMB 
TOOL PER CENT 
Net weight | Overrun Number | Weight SHRINKAGE 
: Average for standard mix from table 2 39 
Disher 
No. 12 pounds ounces 
3 13.7 96 14.1 15.2 41 
Average for standard mix from table 2 30 
si mei @w | 28 


dealer’s shrinkage. There was no marked differences in shrink- 
age from ice creams made from mixers of varying viscosities and 
acidities. 

For study of the influence of actual variation of composition, 
four special mixes of two hundred pounds each were prepared 
in which the percentages of fat, of total solids, and the amount 
of filter were varied one at a time and in which all other ingredients 
were kept standard. Mix IV contained no egg powder. All 
other mixes used in this research contained 0.5 per cent yellow 
egg powder. 

As shown by data given in tables 9 and 10, the percentage of 
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TABLE 10 


Mix II—8.0 per cent fat, 38 per cent total solids 
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CAN PINTS 
VOLUME 
TOOL PER CENT 
Number | Net weight | Overrun | Number | Weight | S¥™!™KAcE 
, Average for standard mix from table 2 39 
Disher 
No. 12 pounds ounces 
3 14.3 93 13.6 15.8 43 
Average for standard mix from table 2 30 
= 3 | m4 | 98 | 161 | 142 32 
TABLE 11 
Miz III—84.0 per cent solids, 12 per cent fat 
CAN PINTS VvoLuMB 
TOOL PER CENT 
ember Net weight | Overrun Number Weight | S#iNxacs 
Ave for standard mix f table 2 39 
Disher rage mix from e 
No. 12 pounds ounces 
3 14.0 97 14.1 15.6 41 
Average for standard mix from table 2 30 
_ 3 | 137 | 9 | 17.3 | 13.0 28 
TABLE 12 
Mix IV—no egg powder, 12 per cent fat, 38 per cent total solids 
CAN PINTS VOLUME 
TOOL PER CENT 
opies | Net weight | Overrun Number | Weight | S#!NKacs 
’ Average for standard mix from table 2 39 
Disher 
No. 12 
3 14.4 93 14.1 16.2 41 
Average for standard mix from table 2 30 
Ladle 
3 | «2 | 9% | 17.0 | 182 29 
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fat plays a very minor réle in the shrinkage even when the per 
cent of fat is varied between 8 and 14 per cent a difference of 6 
per cent. The limits of 8 and 14 per cent were chosen because 
most ice cream today on the market would come within these 
percentages. 

Next the per cent of total solids was varied by decreasing this 
ingredient 4 per cent. The results for mix III containing 34 
per cent solids are given in table 11. 

Here again a variation in composition, this time in the per 
cent of total solids cannot be attributed to causing any very 
marked change in amount of shrinkage. 

The action and value of filler has always been of interest and 
so the next mix studied was made up with no egg powder. The 
results for mix IV containing no egg powder are given in table 12. 

Yet again there is no noticeable difference whether the com- 
position was altered, this time the egg seeming to have no great 
influence on shrinkage. 

It is the opinion of the author, however, that all variations in 
composition do influence the properties of the ice cream, and so 
also the shrinkage upon dishing. The effect would have to be 
very marked indeed to show when a three gallon can was dished. 
But it is evident that these influences are of a very minor char- 
acter when considered with the other factors such as the operator. 


SUMMARY 


1. The shrinkage of ice cream when dished from bulk con- 
tainers averaged about one-third of its original volume. 

2. The shrinkage was nearly the same regardless of the size 
or type of disher or the size and shape of the carton used. 

3. The ice cream spoon was found to be the most practical 
dishing tool. 

4. The effect of the overrun on the volume shrinkage was not 
very marked. 

5. Method of dishing and filling of the cartons was ascribed 
as being of vital significance on the shrinkage encountered in 
commercial practices. 
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6. The effect of the dishing temperature was not very great 
unless extreme temperatures were encountered. 

7. The composition of the mix did not influence the volume 
shrinkage sufficiently to be of importance when compared with 
item 5. 
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A STATISTICAL STUDY OF CREAMERY OPERATION* 


E. 8. GUTHRIETt 
Departmen: of Dairy Industry, Cornell University, Ithaca, New York 


Conclusions drawn from general observations by the persons 
engaged in an industry are not always true. Fortunately, the 
statisticians have developed methods of analyzing large numbers 
of figures so that it is possible to weigh fairly accurately the facts 
that a certain set of data contains. 

The data on which this article is based were obtained by survey' 
from 78 creameries in Minnesota for the year 1919. All of these 
creameries were of the farmer type, such as is found in villages 
and in the smaller cities. None were centralizers. There were 
71 farmers’ coéperative plants, and 7 independent or proprietary 
plants. 

There was a wide variation among these 78 creameries. Some 
were small and a few were large. Some were housed in old, worn- 
out frame buildings, but the majority were operating in new 
homes, most of which were constructed of brick. Some of the 
creameries were conveniently arranged, and a few were very 
inconvenient. Some had good accounting systems, and others 
had very poor records. Most of the creameries were efficiently 
administrated, but a few apparently were not managed at all, 


* Received for publication August 15, 1926. 

t The author wishes to acknowledge the suggestions of Dr. F. A. Pearson, of 
the Department of Agricultural Economics and Farm Management at Cornell 
University, in assembling the data. 

1 The survey was made by the writer, who represented the Federal Bureau of 
Markets and who collaborated with Dr. John D. Black, Chief of the Division of 
Agricultural Economics of the University of Minnesota. In all, 102 creameries 
in 42 counties were visited. Some of the reports were not sufficiently complete 
to be used, and so only 88 creameries were included in the final analysis. The 
summary of that study was published in Technical Bulletin 26 of the University 
of Minnesota, 1924, entitled ‘‘Economic Aspects of Creamery Organization.’’ 
The supply of that bulletin is now practically exhausted. The present article is a 
second study of some of the same data, but from a different angle. Certain data 
are missing in a few of the reports of the 88 creameries considered in the first 
study, and hence only 78 plants are included in the present analysis. 
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they ran themselves. Some had sufficient capital on which to do 
business, and others were “hard up.” Some received good cream 
and took pride in making “higher scoring” butter, while others 
paid little attention to the quality of their product. 

The relationships that existed between several of the important 
items in the manufacture of butter in these 78 creameries may be 
shown in different ways. The mean, the standard deviation, the 
coefficient of variability, the coefficient of correlation, and the 
probable error were calculated, and these all help to shed light 
on what actually took place. 

The nine important factors in the manufacture of butter, which 
were studied, are: 


x:. Price paid for fat in cents. This is the price which the farmer 
received for his butterfat. 

Xe. Price received for butter in cents. This is the price which the 
creamery received for the butter. 

xs. Score of butter. The writer scored the butter at the creamery. 
All of it was less than one week old. 

x4. Percentage overrun. Overrun is the increase in butter over the 
butterfat. Overrun may be defined as the sum of the casein, 
the salt, and the water in the butter, minus the losses in manu- 
facturing. Good commercial creamery butter contains about 
81 per cent of fat. 

xs. Cost of labor per hour, in cents. The value of the time of 
directors, secretary, treasurer, bookkeeper, manager, workmen 
in the plant, and workmen’s compensation, is all included in 
this calculation. 

xs. Hours of labor to make 1000 pounds of butter. All of the labor 
within the creamery that went into the butter was recorded. 

x7. Pounds of butter made in 1919, in thousands. This is the vol- 
ume, or amount, of butter manufactured in each creamery in 
1919. 

xs. Building cost per 1000 pounds of butter, in cents. This item 
includes interest, maintenance, depreciation, taxes, and insur- 
ance, on the buildings. The annual net cost was divided by 
the annual production. 

Xs. Equipment cost per 1000 pounds of butter, in cents. This 
factor includes interest, maintenance, depreciation, taxes, and 
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insurance, on the equipment. The annual net cost was 
divided by the annual production. 


MEAN, STANDARD DEVIATION, VARIABILITY, AND PROBABLE ERROR 


The means and the variables for the nine factors in this study 
are given in table 1. The mean, or average, price paid to the 
farmers for butterfat, was 64.8 cents, whereas the price received for 
the butter was 56.4 cents. On the average, therefore, the 78 
creameries paid 8.4 cents more for the butterfat than they re- 
ceived for the butter. 


TABLE 1 
Mean, standard deviation, and coefficient of variability 

STANDARD COEFFICIENT 
DEVIATION | 
1. Price paid for fat, in cents...........| 64.754 0.30) 3.914 0.21) 6.04+0.33 
2. Price received for butter, in cents.....| 56.36+ 0.16} 2.074 0.11) 3.68+0.20 
91.234 0.12) 1.514 0.08) 1.65+0.09 
4. Percentage overrun.................. 23.824 0.14) 1.834 0.10) 7.70+0.42 
5. Cost of labor per hour, in cents....... 44.384 0.84) 11.004 0.59,24.78+1.42 

6. Hours of labor to make 1000 pounds 
pounds of butter.................. 35.594 1.15) 15.134 0.82/42.51+2.68 

7. Pounds of butter made in 1919, in 

8. Building cost per 1000 pounds of but- 
603. 56225. 85/338. 53.18 .28/56 0843.86 

9. Equipment cost per 1000 pounds of 


The average score was 91.2, which was fairly well toward 
“extras,” the range being from 87 to 94. 

The average overrun was 23.82 per cent, which is high. In 
passing, it should be stated that the high overrun obtained by 
many creameries was due to the practice of not weighing the half 
pounds. For illustration, ifa can of cream weighed 35} pounds 
the creamery would record it as 35 pounds. Thus the half pounds 


were not counted in the volume of butterfat, but they were in- 
cluded in the weight of the butter. It is apparent that the over- 
run would be increased thereby. 
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The average cost of labor in 1919 was 44.4 cents per hour, with 
a range from 26 to 80 cents. The hours of labor to make 1000 
pounds of butter showed an average of 35.6, with a range from 
16.1 to 85.2 hours. The volume of butter, or the amount manu- 
factured was 230,218 pounds and ranged from 31,000 to 886,000 
pounds. The average building cost was $6.04 per thousand 
pounds of butter manufactured, and the range was from $1.41 
to $7.80. The equipment cost per thousand pounds of butter 
made was $4.21, with a range from 82 cents to $9.17. 

One of the striking features of the study is the variability 
shown.? Statisticians have constructed an index of variability 
which, to speak figuratively, is nothing more than a thermometer 
showing how things vary. It is like “percentage” in that it 
quickly and clearly makes a comparison discernible; it also meas- 
ures the difference in variation. The variation in score of butter 
is small, due to the limited range of butter scores. Butter scoring 
86 is very poor, while a score of 94 indicates a very high grade of 
butter. The coefficient of variability for ‘score of butter’’ was 
1.7. The most variable factor was ‘‘ pounds of butter made in 
1919, in thousands,”’ the coefficient of which was 66.2. 

The variability coefficient of the price paid for butterfat was 
3.68, which was about twice that of the price received for the but- 
ter. The price which the creamery gets for butter is based on 
the market conditions and the grade of the butter, and, as has 
already been pointed out, the score of butter is very non-variable. 
The price which the farmer receives for the butterfat is more 
variable, because, in addition to the price of the butter, it is 
affected by many of the problems of manufacture, particularly 
the hours of labor consumed in making the butter, and the vol- 
ume of output. 

The cost of labor is about four times more variable than the 
price of fat. It is affected more by volume than by any other 
factor, although the hours of labor required to make a unit of 
butter is directly related. 


* Coefficient of variability = = 100. 
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CORRELATION 


The explanation of the significance of the coefficient of cor- 
relation is very aptly expressed as follows by G. F. Warren* when 
he says: 


A coefficient of correlation furnishes a convenient means of expressing 
the relationship of one set of facts to another set. For example, the 
daughters of good cows tend to be, but are by no means sure to be, good 
cows. If it were an absolute certainty that every daughter of a cow 
would produce precisely the same amount of butterfat as her mother 
produced, the correlation would be expressed by 1. If there were not 
the slightest relationship between the amount of butterfat given by a 
cow and that given by her daughters, the correlation would be 0. 
Studies of butter production have shown that the correlation is 0.28. 
This shows that there is a considerable chance that the daughter of a 
cow that produced a large amount of butter will be a high producer, 
but that the results are far from certain. The relation of the heights 
of men to the heights of their sons shows a correlation of 0.51. . . 

Even the low correlation of 0.28 between the production of cows and 
that of their daughters is enough so that men are willing to pay more 
for the daughters of good cows than for daughters of poor cows. 


The eight other variables were correlated with the price which 
the farmer received for the butterfat and with one another. The 
first line in table 2 shows the correlation coefficients between 
eight factors and the “price paid for butterfat.’’ Likewise the 
second line correlates the seven factors with ‘‘ price received for 
butter.’ In a similar way the coefficients of correlation given 
in the columns show the relationships between the column head- 
ings and the heading of the line on which the coefficierits are 
located. 

The correlation between the price received by the farmer for 
the butterfat, and the price obtained by the creamery for the but- 
ter, is very high (r = 0.743). The correlation between the price 
received by the farmer for the butterfat, and the score of the 
butter, also is high (r = 0.631). Overrun, on the other hand, 


* Prices of Farm Products in New York. Cornell University Agr. Exp. Sta. 
Bul. 416, 1923, p. 33. 
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shows a coefficient of only 0.196, in relation to this factor, which 
indicates that overrun in these creameries is not nearly so impor- 
tant a factor in affecting the price of butterfat as is the price of 
butter. There is one consideration in evaluating the significance 
of overrun, however, that should not be overlooked. If there 
was a greater variation in te percentage of overrun, the cor- 
relation would be higher. If the variations in overrun were from 
10 to 24 per cent, the higher figures would have a greater bearing 
on the price of the butterfat than when the range is only from 
18 to 26 per cent. Inasmuch as overrun is more uniform than 
a few of the other factors, it is of less importance. 

The “price received for butter,’’ “score of butter,” “hours of 
labor to make 1000 pounds of butter,” and “pounds of butter 
made in 1919, in thousands,” have more to do with the price that 
the farmer receives for butterfat than do the other factors. It 
is also noticeable that ‘‘score of butter’’ has greater significance 
in relationship to “ price received for butter” than does any other 
factor. Volume, or “pounds of butter made in 1919, in thou- 
sands,” has a very low correlation with “price received for but- 
ter,’’ whereas it was very significant when compared with the 
“price paid for fat.” 

About one-half of the correlations are positive and the other 
half are negative. However, if the correlation is 0.2 or 0.3 or 
more, it is significant regardless of whether it is positive or 
negative. The results of positive or negative correlations may 
be interpreted as follows. The coefficient of correlation of ‘price 
received for butter” and “‘price paid for fat” is 0.743, which 
means that the creamery which obtained a high price for its 
butter, paid a high price for the butterfat. Again, the correlation 
of “pounds of butter made in 1919, in thousands,” to ‘‘cost of 
labor per hour, in cents,” is —0.476, which shows that as the 
volume of butter manufactured declines, the cost of labor in- 
creases. It also shows a very significant relationship. . 

The “‘hours of labor to make 1000 pounds of butter” is highly 
correlated with the other items. On the other hand, the “cost 
of labor per hour, in cents, ”’ is of little importance. The probable 
explanation for so little correlation between these last two items 
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is the same as in the case of the overrun. The cost of labor per 
hour is about the same throughout the state, consequently the 
low correlation. But there is a wide range of hours in “hours 
of labor to make 1000 pounds of butter,’”’ and therefore a signifi- 
cant correlation would be expected. 

Under “building cost per 1000 pounds of butter, in cents,” and 
“equipment cost per 1000 pounds of butter, in cents,” the cor- 
relation coefficients are low with the exception of the correlations 
existing between them and “hours of labor to make 1000 pounds 
of butter.”” This indicates that as the cost of the building and 
that of the equipment go up, the hours of labor increase. A wide 
range in these two factors may be observed in table 3, which may 
account in part for the high coefficients. Another reason for high 
correlation coefficients may be in the large investments in building 
and equipment in creameries where the plant was not operated 
at full capacity. 


MULTIPLE CORRELATION 


A multiple correlation was calculated for the following four 
variables: “‘Price paid for fat in cents,’’ “ price received for butter 
in cents,” “score of butter,”’ and “hours of labor to make 1000 
pounds of butter.” 


Ri.236 = 0.82 


It is apparent that the multiple correlation between these most 
significant variables is higher than any of the gross correlations. 
This indicates that the combined effect of the three independent 
variables is greater than any one. 

It seems apparent that the amount of labor which goes into 
butter, and the volume of output, together with quality (which 
is measured by the score and reflected by the price of the butter), 
are the important considerations in making butter. 


: 

ast 

~ 


Original data for nine vari 


TABLE 3 


ables for 78 Minnesota creameries, 1919 
« | | be | &e 
5 | ga | | | Ske | | 
s |e: | | | 8 | | | Sed | 
cise tn tr ie 

xX Xs Xs Xs Xs Xs Xa Xs Xs 

1 69.5] 58.7] 92 20.6 | 40.3) 23.8 238 354 284 
3 63.3 | 55.1] 91 24.2| 37.2] 29.9 140 590 513 
4 67.4) 55.1) 91 24.0} 40.2); 39.1 282 770 325 

6 69.5) 59.5] 94 23.7 | 32.8] 24.3 768 448 237 
63.7} 55.0; 89 26.3 | 57.9] 23.7 196 369 319 

8 70.3} 58.4] 92 25.5 | 30.7 | 37.2 222 575 317 
10 56.0 | 52.1] 88 25.0 | 52.3] 69.6 41 669 82 
11 67.9| 59.9] 92 21.9| 34.6] 39.3 283 477 639 
12 67.5 | 57.2] 92 22.9 | 58.9] 34.7 113 990 420 
13 67.2} 58.9] 93 23.6} 50.0; 29.8 256 826 316 
14 62.3 | 56.1] 92 20.4 | 46.1 | 47.7 131 1780 807 
15 68.5} 58.5| 93 26.0 | 64.7] 28.2 225 776 483 
16 68.0; 58.7] 92 26.4 | 46.8] 34.0 170 1144 356 
17 70.3} 61.1} 92 23.0} 80.9} 27.3 98 924 298 
18 67.8 | 61.5 | 91 23.5 | 31.1] 39.3 184 364 301 
19 66.7 | 57.1) 92 22.2) 34.4] 39.1 194 446 249 
20 66.5} 59.0} 92 25.5 | 50.0] 28.8 135 312 415 
21 66.1 | 57.0) 93 24.0} 58.9] 21.7 200 692 410 
22 64.1; 56.0] 92 23.8 | 30.0] 61.0 60 470 693 
23 66.3 | 57.0| 90 23.3 | 52.7) 19.5 199 141 134 
25 63.7 | 57.3 | 93 20.0 | 70.4); 16.1 195 330 459 
26 64.0 | 55.0] 89 23.0; 35.9] 44.0 117 347 314 
28 56.0 | 54.5) 90 22.0 | 43.2] 54.7 160 760 145 
29 56.9| 51.8] 91 25.6 | 42.2] 36.5 164 487 670 
32 59.5 | 54.7) 89 24.3 | 46.4) 42.7 86 887 917 
33 69.3 | 56.9] 91 27.5 | 28.9] 19.5 444 208 214 
34 65.7} 55.3) 91 26.8 | 67.3] 24.7 96 879 445 
35 69.8} 91.5] 27.6] 43.4] 47.7 97 442 386 
36 67.7 | 56.3] 91.5] 26.0] 53.9| 24.6 217 396 328 
37 67.3 | 57.6] 91 24.3 | 31.6] 33.0 294 508 205 
38 61.2; 58.4] 92 24.8; 60.3| 52.2 125 788 843 
39 62.0 | 54.5] 91 25.0} 39.5) 30.7 145 297 344 
+O 57.1) 91.5] 21.7] 438.0] 29.9 134 666 466 
41 63.0 | 54.4] 90 24.2; 28.4] 51.0 167 194 322 
42 65.4; 56.3) 91.5] 21.6] 47.2] 22.7 347 328 330 
43 66.5 | 55.8) 90 26.0| 45.4| 20.4 545 160 140 
44 64.9| 54.9) 92 24.6} 39.8) 22.6 541 174 166 
45 63.0 | 54.7; 90 23.0} 60.1 | 20.3 131 349 463 
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TABLE 3—Continued 
~ 2 ° az x 
| 8 ee | & | ae | | 
25 | | SEE | | Bee 
| Se wb | | BER | 
s | sb | | | | Sed | tee 
t ele if i 
Xs | Xs Xs | Xs | Xe | Xs Xs 

46 63.7 | 56.6) 89 25.2} 42.5] 37.9 492 460 384 
47 64.2; 55.1/] 91 24.3; 40.1 32.3 198 219 335 
48 62.0| 55.3) 91 23.1 51.4 | 34.0 106 1276 528 
49 56.0) 53.0) 90 26.0 | 39.2] 85.2 77 657 521 
50 58.0} 53.5) 89 18.0; 35.5] 38.9 176 330 292 
51 59.6) 54.2) 91 24.6} 49.5) 30.3 120 1029 380 
52 67.8 | 58.5] 92 23.5 | 27.6) 40.0 209 433 320 
53 65.8 | 55.6] 91 24.5 | 26.2) 46.9 209 530 469 
54 67.1 55.8 | 92 24.7 | 44.7| 26.8 246 428 425 
55 68.0 | 57.1 | 92 24.0 | 49.7 17.8 443 454 349 
56 67.0} 55.2); 91 24.0} 41.1 33.0 197 876 588 
57 68.2 | 58.8] 93 25.2] 38.7] 23.1 464 543 456 
58 68.7 | 57.3) 93 23.2 | 42.5] 26.5 559 252 290 
59 64.3) 56.9| 92.5) 25.0] 42.7| 27.8 256 538 464 
60 58.1]; 55.2) 90 22.7| 44.3) 72.1 62 1453 778 
61 66.2 | 57.1] 93 23.1 53.5 | 22.4 31 258 247 
62 65.5 | 56.5) 91.5] 26.8] 42.9| 26.2 288 613 296 
63 57.4 | 54.1 89 19.9 | 44.4} 42.9 167 774 293 
65 60.0} 55.0) 88 24.8; 28.8]! 75.0 110 1515 621 
68 64.1 55.4 91 22.5 | 28.5] 34.0 236 928 492 
69 68.5 | 56.9 92 22.7) 40.2] 23.1 263 319 694 
70 63.0; 54.5; 91.5] 24.0] 57.0| 24.2 147 286 659 
71 68.8 | 54.3 | 92 22.8; 38.3) 78.5 136 1104 899 
72 58.0 | 55.7 93 23.3; 35.9] 68.4 178 472 757 
78 61.2 | 57.6) 88 25.4) 41.3) 48.7 243 334 247 
79 64.5 54.9/| 88 23.1 36.2 | 27.4 265 215 222 
80 57.0 | 53.1| 87 23.0 | 35.6) 60.7 107 998 496 
81 66.0; 56.9) 92 24.2) 55.5] 21.9 886 525 274 
82 69.2 | 59.2; 93 23.8 | 48.5] 35.2 273 700 372 
83 64.1} 54.3) 91 27.0 | 52.4] 34.9 128 652 663 
87 64.2; 56.0/ 91 24.0| 70.0 16.6 211 398 532 
91 61.1 52.3) 90 19.1} 47.1] 34.8 200 257 445 
92 58.9 | 54.8/ 91 22.1| 44.6) 40.9 138 948 581 
93 63.5 | 53.0) 91 22.3; 41.3} 34.8 221 1400 292 
94 69.3 | 58.6) 94 24.0; 55.3] 20.2 341 487 297 
96 68.8 | 56.3 | 92 24.7 | 30.7 | 25.4 482 799 399 
97 68.5 | 58.8 | 94 23.2 | 37.4] 33.0 200 603 478 
98 67.8 | 58.2) 92 22.1 | 44.0] 26.8 207 833 331 
99 70.2 | 59.1) 94 22.8| 27.1] 36.8 339 573 376 
101 67.5 | 58.2/ 91 25.5 | 43.3] 27.9 206 292 516 
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TABLE 3—Concluded 
For the student who desires to pursue the study further. The original data is presented in table 3. 


The sums of the nine variables, the sums of t heir squares, and the sums of their products are as foll 
= 5051.00 | = 328274.24 

=X: 4396.10 | DX*% = 248099 01 = 285143.81 

= 7116.50 | = 649464.75 = 461125.75 = 401231.90 
=X 1858.00 | 2X% =  44523.10 = 120423.81 = 104749.04 
= 3461.90 | = 163061.95 TXiXs = 224204.00 = 195232.84 
= 2776.50 | DX% = 116688.53 TXiXe = 177321.10 = 155642.54 
= 17957.00 | =  50455.82 DXiX: = 1181768.10 = 100844.15 
=X: = 47078.00 | = 373538.68 = 3025057.00 TX2Xs = 2646253.30 
= $2813.00 | DX*% = 16354309.00| = 2111972.90 = 1844878.50 
= 169518.50 

= 316013.35 | = 82542.30 

= 252645.85 | =  66058.08 | = 118419.20 

= 164356.00 | = 430868.26 TXsX: = 734699.00 = 560783.90 
= 4293134.50 | = 1116102.90 TXsXs = 2059378.00 TXsXs = 1842981.20 
= 2905047.50 | = 780318.60 = 1461654.60 = 1254757.60 
= 9594909.00 

= 6760306.00 | =21846095.00 

M.X: = 64.7564 | M.X% 4208.6441 

M.X: = 56.3602 | M.X% = 3180.7565 M.XiX2 = 3655.6898 

M.Xs = 91.2371 | M.X% = 8326.4711 M.XiX3s = 5911.8686 M.X2Xs = 5143.9987 
= 23.8205 | M.X% = 570.8089 M.XiX4 = 1543.9591 M.X2X4 = 1342.9364 
M.Xs = 44.3833 | M.X2; = 2090.5378 M.XiXs = 2874.4102 M.X2Xs5 = 2502.9851 
= 35.5961 | M.X% = 1496.0068 M.XiXe = 2273.3474 M.XsXe = 1995.4172 
M.X: = 230.2179 | M.X% = 762.2541 M.XiX7 = 15150.8730 M.X2X; = 1292.8737 
M.Xs = 603.5641 | M.X%, = 4788.9574 M.XiXs = 38782.7820 M.X2Xs = 33926.3240 
M.Xe = 420.6794 | M.X% =209670.6282 M.XiXe = 27076.5756 M.X2Xe = 23652.2884 
M.X3sX4 = 2173.3141 

M.X3sXs = 4051.4532 | M.XiXs = 1058.2346 

M.XsXe = 3239.0416 | M.XaXo = 846.8984 M.XsXe = 1518.1948 

M.XsX7 = 21071.2820 | M.X«X: = 5523.9520 M.XsX; = 9419.2179 M.X6X; = 7189.5372 
M.X3Xs = 55040.1860 | M.XaXs = 14309.0110 M.XsXs = 26402.2820 M.X6Xs = 23627.964 
M.XaXe = 38409.5833 | M.XaXo = 10004.0846 M.XsXe = 18739.1615 M.X6Xe = 16086 .6358 
M.X:Xs =123011.6500 

M.X:;Xe = 86670.5897 | M.XsX»o =280078. 1412 


FURTHER INVESTIGATIONS WITH ADULTERATING 
SULPHURIC ACID SO AS TO INCREASE 
BABCOCK TEST READING* 


WM. E. PETERSEN 
Division of Dairy Husbandry, University of Minnesota, St. Paul, Minnesota 


Two years ago the writer! reported on the possibility of adulter- 
ating sulfuric acid so as to increase the reading of the Babcock 
test in which such acid was used. That report was on a tem- 
porary emulsion of a fat solvent saturated with butterfat and 
thoroughly shaken with acid. This adulteration did not materi- 
ally affect the appearance of the acid, but on standing for more 
than an hour, the fat saturated solvent would separate out and 
accumulate on top of the acid, in which condition duplicate tests 
would not check and consequently adulteration would be sus- 
pected. 

Since that report, the writer has been able to secure an acid 
emulsion that is stable and that will increase the Babcock reading 
when such acid is used. One sample of such an emulsion made 
up on December 15 has stood without agitation, and on May 5 
shows no signs of separation. This sample was made upof 400 cc. 
sulfuric acid, specific gravity 1.83, 16 cc. fat saturated benzine, 
and 6 cc. water soap solution (Palmolive china soap, 1 part, and 
water, 2 parts). As the soap water solution is not miscible with 
the benzine, it was added first to the cold acid and shaken when 
the saturated fat benzine solution was added and thoroughly 
shaken. 

This acid was used in performing a Babcock test the following 
day without being agitated, when it gave an increased reading 
of 0.8. It was again used without agitation on February 15, 
when the necessary sample was carefully drawn by means of a 


* Published with the approval of the Director as Paper No. 621, Journal 
Series, Minnesota Agricultural Experiment Station. Received for publication 
May 20, 1926. 

1W.E. Petersen, Journat or Darry Scrence, vii, no. 4 (1924). 


261 


a 


262 WM. E. PETERSEN 


pipette from about the center, with the same results. Further 
tests on April 15 gave identical results. 

Centrifuging this acid in an 18-inch centrifuge at about 10,000 
revolutions per minute for ten minutes failed to cause separation. 
Examination under an oil emersion lens of 1200 magnifications 
failed to reveal any particles, indicating that in all probability 
the dispersion is colloidal and that the soap acts as a stabilizer. 

The appearance of the adulterated acid would not arouse sus- 
picion nor would its reactions with milk, in performing the Bab- 
cock test, as it behaves like normal acid. Separation of the 
adulterant is effected, however, by the addition of equal parts of 
water and centrifuging in usual Babcock test bottles in a Babcock 
centrifuge at the normal speeds for milking testing, by which 
means adulteration can be detected. 


THE EFFECT OF THE PASTEURIZATION TEMPERA- 
TURE ON INDIVIDUAL GERMS FOUND IN 
MILK* 


J. M. BRANNON anp M. J. PRUCHAt 
Department of Dairy Husbandry, University of Illinois, Urbana, Illinois 


Pasteurization, since its introduction into the dairy industry, 
has received much study. The primary reason for introducing 
this process into the dairy business was to protect the public 
from disease germs carried by milk and it is along this line that 
most of the study has been directed. Pasteurization also pro- 
longs the keeping quality of the milk when it is properly done. 
It is stated that about 99 per cent reduction of the bacterial 
milk flora is obtained by this process. Ayers and Johnson (1) 
have published evidence showing that when milk is highly con- 
taminated with bacteria a ninety-nine per cent reduction is se- 
cured, but when the milk is not so highly contaminated the 
percentage of reduction does not reach this figure. 

The effect of pasteurization on the individual organism found 
in milk has not received much study. Ayers and Johnson (3) 
found that of twenty-two typical streptococci one survived a 
temperature of 62.8°C. for thirty minutes, and of 117 atypical 
streptococci, 38.46 per cent survived this temperature. The 
same authors (2) found twelve colon bacilli which resisted a 
temperature of 62.8°C. Barber (4), studying the effect of 
temperature on the rate of multiplication of a colon bacterium, 
found that it reached its maximum rate of division at 37°C. and 
that this rate fell off at 45°C. and ceased at 49°C. Tanner and 
Dubois (6) concluded from their work “that the members of the 
colon-typhoid group in milk in the number to which they would 
occur are destroyed by heating for thirty minutes at 60°C.” 

The purpose of this study was to determine the effect of 
pasteurization on pure cultures of bacteria found in milk. The 

* Received for publication September 26, 1925. 

t This short paper is to be considered as a preliminary report. 
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work was commenced June 15, 1925, and was concluded August 
8, 1925. During this period seventy different types of bacteria 
were collected. These organisms were taken from platings made 
from unpasteurized milk, from rinsings made from dairy utensils 
and from the interior of the cow’s udder. The organisms to be 
pasteurized were transferred to test tubes containing 5 cc. of 
sterile milk. The inoculated test tubes were incubated at 37°C. 
from two to five hours. Pasteurization was carried on in a 
copper jacketed water bath at a temperature of 62.5°C. 

Just before pasteurization the milk was plated and then put 
into a water bath and pasteurized at a temperature of 62.5°C. 
for thirty-five minutes. The five minutes over the usual pasteuri- 
zation time was to allow the milk to reach the above temperature. 
The milk was again plated immediately after pasteurization. 
The plates were incubated for ninety-six hours at room tempera- 
ture and twenty-four hours at 37°C. If the plates made from 
pasteurized milk were not sterile, the organism was again inocu- 
lated into sterile milk, incubated and repasteurized using, instead 
of a test tube, a Sternberg bulb of about 5 cc. capacity. In some 
instances, it was found that milk would not be sterile when 
pasteurized in a test tube, but would be sterile when pasteurized 
in a Sternburg bulb. After the milk was pasteurized and plated, 
it was incubated for several days to observe whether the de- 
struction of the germs was compiete. An effort was made to not 
allow the germs to grow to such a number that their by-products 
would be a factor in their destruction during pasteurization. 

All the organisms reported in table 1 produced acid in nutrient 
broth containing dextrose, and most of them produced acid in 
nutrient broth containing sucrose and lactose. None produced 
gas excepting the aerogenes like organism and the colon organisms. 

There were forty-seven non-spore-forming organisms. Of these 
forty-seven, only two survived pasteurization. The two resisting 
organisms are 43 and 44. No. 44 is similar to, if not the same 
as, the organism reported by Russel and Hasting (5) several years 
ago to withstand a temperature of 76°C. It is a lemon color 
micrococcus. It produces acid in nutrient broth and grows 
rapidly in milk. Russel and Hastings report that their organism 
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TABLE 1 
The effect of pasteurization on germs found in milk and dairy utensils 
UNPASTEURIZED PASTEURIZED REMARKS 
Non-spore formers 
1 36,000 ,000 Sterile 
2 3,420,000 Sterile Ropy 
3 1,790,000 Sterile 
4 7,660,000 Sterile 
5 16, 140,000 Sterile 
6 32,400,000 Sterile 
7 43, 200 ,000 Sterile 
8 115,000 Sterile 
9 7,300,000 Sterile 
10 166, 800 ,000 Sterile 
ll 61, 200,000 Sterile 
12 28 , 900 ,000 Sterile 
13 1,620,000 Sterile 
14 1,020,000 Sterile 
15 651,000 Sterile 
16 54,600,000 Sterile 
17 11,000 Sterile 
18 23,500,000 Sterile 
19 27,000 ,090 Sterile 
20 1,185,000 Sterile 
21 59,400,000 Sterile 
22 114,000,000 Sterile 
23 14,500,000 Sterile 
24 330 ,000 ,000 Sterile 
25 109, 200 ,000 Sterile 
26 112,900,000 Sterile 
27 2,100,000 Sterile 
28 114,000,000 Sterile Gas forming. Aerogenes-like 
29 78,000 ,000 Sterile Somewhat similar to 28 
30 5, 100,000 Sterile 
31 21,800,000 Sterile 
32 1,500,000 Sterile 
33 3,400,000 Sterile White colony, coccus, from U 
34 6,500,000 Sterile Yellow colony, coccus, from U 
35 4,700,000 Sterile Pink colony, coccus, from U 
36 1,500,000 Sterile 
37 6, 100,000 Sterile Colon, human 
38 20,000 Sterile 
39 27,000 Sterile 
41 30, 600 ,000 Sterile 
42 40,200,000 Sterile 
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TABLE 1—Continued 


ORGANISES UNPASTEURIZED PASTEURIZED REMARKS 
Non-spore formers—Continued 

43 36,000 ,000 1,020,000 

44 5,040,000 134,000 Micrococcus lemon color 

45 10,000,000 Sterile 

46 15,000 ,000 Sterile Streptococcus 

47 2, 100,000 Sterile Aerogenes with reddish color 

Spore formers 
48 2,850,000 3,060,000 | Brownish colony, rod forms 
600 ,000 460 ,000 spores so rapidly that it is 

4, 600 ,000 2,390,000 hard to find vegetative or- 
2,250,000 5,050,000 ganism 
4,800,000 9,600,000 
2,500,000 4,040,000 

49 4, 120,000 30,000 

50 640,000 33,000 

51 352,000 25, 900 

52 165,000 96,000 

53 1,080,000 132,000 

54 6,700,000 300 | Spores not numerous 

55 13,000 ,000 2 | Spores not numerous 

56 84,000,000 500 | Spores not numerous 

57 1,200,000 100 | Spores not numerous 

58 21,000,000 10,810,000 

59 3,480,000 2, 160,000 

60 800 ,000 780 ,000 

61 4,400 ,000 1,120,000 

62 1,600,000 149,000 

63 5,900 ,000 4,540 

64 180 ,000 ,000 7,200 

65 2,800,000 9,500 

66 72,000 ,000 1,000 

67 5,040,000 134,000 

68 1,560,000 1,140,000 

69 9,300,000 1,000 

70 14,600 ,000 1,020,000 


did not ferment dextrose, sucrose or lactose. No. 43 was not 
picked from the plates this year, but was secured from pasteur- 
ized milk two years ago and kept in the laboratory. At the 
time when it was found, it was causing counts of a million or 
more in pasteurized milk. 
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Most of the spore forming organisms reported here first coagu- 
late milk and then digest it. But some of them digest the milk 
without coagulating it. No thermophils were found during the 


progress of this work. 


TABLE 2 


Effect of pasteurization on named organisms 


NAME OF ORGANISMS UNPASTEURIZED PASTEURIZED 
4, 200,000 266 ,000 
Erythrobacillus ptodiosus...................... 700 ,000 Sterile 
EE 7,200,000 Sterile 
Bacterium 26, 600 ,000 Sterile 
9,400 ,000 Sterile 
Bacterium 8,800,000 Sterile 
Bacterium 2,000 ,000 Sterile 
Bacterium aerogenes soil....................... 44,000,000 Sterile 
Bacterium coli (bovine)........................ 13,000,000 Sterile 
Pseudomonus pyocyaneus...................... 12,300,000 Sterile 
Micrococcus Aurantiaca........................ 144,000,000 Sterile 
Staphylococcus 7,900,000 Sterile 
197 ,000 53,000 
Lactobacillus casei (epilson).................... 1,140,000 Sterile 
Lactobacillus casei (alpha)..................... 3,500,000 Sterile 


Note: The authors accepted the names of the above organisms as they were on 
the tubes when received and no effort was made to verify them. 


There was no instance where a spore forming organism was 
entirely eliminated by pasteurization. In two instances a larger 
count was obtained in the pasteurized milk than in the unpasteur- 
ized milk. This increase in number is apparently due to the 
breaking up of clumps of spores, since neither of these two or- 
ganisms grew at temperatures above 50°C. 
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There was no effort made to determine the names of the or- 
ganisms used in obtaining the data in table 1. The only criterion 
used was that the colonies were visibly different. In table 2 are 
given data on pasteurization of named organisms. 

The outstanding point in table 2 is the same as in table 1, 
namely, that nearly all non-spore forming organisms were de- 
stroyed by pasteurization. Sarcina lutia is the exception in 
this case. 

It will also be noted that the three colon organisms used in 
this work did not survive pasteurization. This is of interest 
because of the discussion as to whether all colon bacteria are 
destroyed by pasteurization. 

Since only few of the organisms found in milk have been used 
in this work, no definite conclusion can be stated. More or- 
ganisms were not used simply because they did not occur on the 
plates. This limited number may have been due to the fact that 
during the period of this experiment the weather conditions 
remained practically constant. 

But the data presented indicate that a large number of the 
organisms found in milk do not survive a temperature of 62.5°C. 
Yet, in pasteurized milk, high counts are continually being found 
and these high counts are mostly due to non-spore-forming or- 
ganisms. The reason for this is a problem for further 
investigation. 
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A STUDY OF METHODS FOR BACTERIAL ANALYSES 
OF MARKET MILK* 


LESLIE H. COOLEDGEt 
Department of Bacteriology, Michigan State College, East Lansing, Michigan 


Bacterial counts of milk made upon different kinds of media, 
vary considerably in number present per cubic centimeter. This 
is due, largely, to the composition of the media used. As one 
kind of medium is most suitable for the growth of certain types 
of bacteria, it will give higher counts than other media when that 
particular type of organism predominates. If another type of 
organism predominates in the milk, another medium may be ex- 
pected to give the higher counts. 

It occasionally happens that a sample of milk with a count of 
100,000 bacteria per cubic centimeter upon one medium will have 
a count of only half that number upon another medium. With 
other samples of milk the reverse may happen. Usually, how- 
ever, certain media tend to give the highest counts, while other 
media tend to give the lowest counts. 

The usual reason for making bacteriologicaal counts upon milk 
is to get an idea of how carefully the milk has been handled up 
to the time that the sample was taken. If the bacteriological 
count is low, we assume that the milk has been handled in such 
a careful way that good keeping quality and reasonable safety 
are likely. If the count is very high, we suspect that the milk has 
been so carelessly handled that good keeping qualities cannot be 
expected and safety from disease producing organisms is in doubt. 

As a member of the committee upon methods of bacterial anal- 
yses of milk and milk products appointed by the International 
Association of Dairy and Milk Inspectors, I undertook in 1921 
to show the value of plate counts obtained upon four kinds of 


* Received for publication August 31, 1926. 

+ Professor Cooledge died in May, 1925. This paper was nearly ready for pub- 
lication and is presented with some slight changes designed to clarify certain 
points which seemed a little obscure. —G. L. A. Ruehle. 
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agar commonly used in milk work and to show the relation of the 
counts to the pH score (1). 


TABLE 1 
Samples of milk in group I 
BACTO AGAR AGARA 

1| Farmer 12 50 (50,000,000 |60,000,000 |22,000,000 67,000,000 

2| Same; a cool day 45 | 9,600,000 | 1,000,000 | 2,300,000 | 1,700,000 

3 | Farmer 22 50 600, 000 160,000 250,000 800 ,000 

4| Same; a cool day 95 150,000 30,000 50,000 100,000 

5 | Farmer 8 45 600 , 000 650,000 400,000 700,000 

6 | Same; a cool day 55 60,000 80,000 40,000 10,000 

7 | Farmer 25 45 100,000 200,000 

8 | Same; a cool day 90 80,000 50,000 40,000 10,000 

Farmer 13 50 400,000 200,000 
10 | Same; a cool day 95 110,000 120,000 60,000 100,000 
11 | Farmer 21 45 | 5,000,000 | 6,000,000 |12,000,000 | 8,000,000 
12 | Same; a cool day 55 | 1,500,000 | 1,000,000 | 1,200,000 | 2,500,000 
13 | Farmer 36 50 75,000 10,000 40,000 60,000 
14| Same; a cool day 70 50,000 30,000 30,000 30,000 
15 | Farmer 24 50 700,000 180,000 360,000 
16 | Same; a cool day 80 130,000 180,000 90,000 60,000 
17 | Farmer 20 45 | 1,000,000 | 1,500,000 
18 | Same; a cool day 55 130,000 100,000 40,000 40,000 
19 | Farmer 54 50 100,000 700,000 700 ,000 800,000 
20 | Same; a cool day 55 45,000 80,000 40,000 20,000 
21 Farmer 1 80 30,000 7,000 80,000 110,000 
22 Same; a cool day 95 150,000 80,000 20,000 10,000 
23 | Farmer 6 50 120,000 210,000 180,000 300, 000 
24 Same; a cool day 90 10,000 50,000 20,000 10,000 
25 Farmer 11 45 | 1,000,000 | 1,000,000 500,000 | 1,000,000 
26 | Same; a cool day 55 220,000 100,000 90,000 100,000 
27 | Farmer 5 45 | 1,000,000 12,000,000 |40,000,000 |15,000,000 
28 | Same; a cool day 90 90,000 40,000 20,000 140,000 
29 Farmer 51 45 | 6,000,000 | 2,400,000 
30 | Same; a cool day 90 10,000 30,000 10,000 10,000 
31 | Farmer 90 40 500,000 450,000 500,000 800,000 
32 Farmer 50 80 370,000 50,000 90,000 100,000 
33 | Farmer 16 40 | 5,000,000 | 3,600,000 6,000,000 
34 | Farmer 2 50 | 3,300,000 | 3,100,000 | 4,000,000 | 5,000,000 
35 | Farmer 14 50 | 3,200,000 | 3,600,000 | 5,000,000 
36 | Farmer 10 85 200, 000 100,000 140,000 140,000 


Early results of this work have been included in the committee 
reports (2), but my work has been continued and extended. 


BACTERIAL ANALYSES OF MARKET MILK 271 


The methods used in this work are the 1921 Standard Methods 
for Bacteriological Examination of Milk, published by the Amer- 
ican Public Health Association. Bacto agar used in groups I 
and II is out of lot 10445 which was furnished by the Digestive 
Ferments Company to members of the committee. Other Bacto 
agar was out of regular stock. Milk-powder agar was the milk- 
powder agar A described by Ayers and Mudge (3). 

Media were adjusted to pH 6.5 to 6.8 where necessary. It was 
not necessary to adjust the reaction of Bacto agar and agar A. 

Group I includes 36 samples of milk, 18 of which were taken 
upon a warm day and tested at once. The other 18 samples were 
taken from the same patron’s cans a few days later, but upon a 
very cool day. 

Group II includes 48 samples of milk, 24 of which were plated 
upon the four kinds of media and the pH score determined. The 
samples were then incubated at room temperature for two hours 
and retested. 

Group III includes samples of milk plated upon different media 
and incubated at 37°C. for one hour and retested.' 

It is fair to assume that the samples of milk in groups II and 
III when plated the second time should be in poorer condition 
bacteriologically than when they were tested the first time. If 
this is true, the method which shows the samples in poorer con- 
dition most consistently when tested - second time would be 
the better method. 

Comparing the tests and retests on all of the samples of milk 
in group II and III using both the pH method and counts in 
various media, the sensitiveness of the methods appears as fol- 
lows: 


Per cent 

efficient 


Greater sensitiveness of methods would be expected if the sam- 
ples have a high initial bacterial count. Methods which show 


1 The detailed data for this could not be found.—@. L. A. Ruehle. 
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poorer condition upon retest of samples with low initial counts 
should be the more valuable. 

If only those samples of milk having a retest average count of 
under 25,000 bacteria per cubic centimeter are considered, the 
efficiency of the various methods and media is as follows: 


Per cent 

efficient 


Considering only those samples having a retest average count 
between twenty-five thousand and 100,000, the results are as 
follows: 


Per cent 

efficient 


The samples of milk having retest counts between 100,000 and 
1,000,000 bacteria per cubic centimeter give the following results: 


Per cent 

efficient 
60 


The samples of milk with retest counts of over 1,000,000 give 
results as follows: 


efficient 
87.5 


The pH score of the samples of milk after incubation was at 
times the same as before, but it never indicated that the milk was 
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in better condition after the samples had been subjected to the 
short incubation period and retested. In three instances the pH 
score indicates that the milk was in no worse condition after in- 
cubation that it was before. These were samples of milk which 
were usually good by this method when tested the first time. 

In certain instances the samples of milk tested with the differ- 
ent kinds of media before and after incubation gave results which 
indicated that they were as good after the incubation as before. 
The samples may be classified as shown in table 3. 

It seems that after the treatment which the above samples re- 
ceived, efficient methods should show the samples in worse con- 
dition upon retest. A few of the samples which were in very good 
condition at the start might show no change upon retest, but 


TABLE 3 
Condition of milk samples upon retest after short incubation period 


HOW TESTED POORER NO CHANGE BETTER 
20 1 12 
20 2 11 
Meat infusion agar. .................... 22 2 9 


certainly a reliable method should not indicate that a third of the 
samples were in an improved condition. 

Many investigations have been made to determine the most 
suitable medium for milk work. It has usually been concluded 
in these studies that the method giving the highest counts is most 
efficient. It is argued that the medium giving the highest counts 
vomes closest to giving counts which represent all of the bacteria 
present in the milk. There is a failure to agree upon the medium 
giving the highest counts. The reasons for this failure are con- 
sidered below. 

A tabulation of the samplesof milk in groups I, I, and ITI, with 
average bacterial counts below 10,000 per cubic centimeter when 
plated upon four kinds of media shows that Bacto agar gives the 
highest counts and the milk powder agar A is next, with meat 
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extract agar the lowest. When samples with 10,000 to 25,000 
bacteria were studied the counts upon milk powder agar A are 
the highest, with meat extract agar next, and meat infusion agar 
giving the lowest counts. 

If a preponderance of samples is present with low counts one 
investigator might be expected to find one medium giving the 
highest counts while another investigator studying a poorer grade 


1200000 


Fia. 1 


of milk would find that another medium would give the highest 
counts. 

The 102 samples of milk in groups I, II, and III gave average 
counts upon the four kinds of agar as shown in figure 1. 

When these samples were divided into groups depending upon 
the average count upon the four kinds of agar the medium giving 
the highest counts for the different groups is indicated in table 4. 
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The average bacterial counts of samples tabulated in groups I, 
II and III when arranged according to their pH scores indicates 
that while the pH score does not check with the bacterial count 
in many cases, it does check in a general way. Samples 
scoring 75, 70, 65, 60, and 55, because of the small numbers 


TABLE 4 
Medium giving highest counts for the different groups 
NUMBER OF BACTERIA 
PER CUBIC CENTIMETER HIGHEST NEXT HIGHEST NEXT LOWEST LOWEST 
AVERAGE WITH AVERAGE WITH WITH WITH AVERAGE WITH 
4 KINDS OF AGAR 
Under 10,000 | Bacto agar | Agar A Infusion agar | Extract agar 
10,000- 25,000 | Agar A Extract agar | Bacto agar Infusion agar 
25,000- 50,000 | Bacto agar | Agar A Infusion agar | Extract agar 
50,000- 100,000 | Bacto agar | Agar A Infusion agar | Extract agar 
100,000—- 200,000 | Bacto agar | Agar A Infusion agar | Extract agar 
200 ,000-1,000,000 | Agar A Infusion agar | Bacto agar Extract agar 
Over 1,000,000 | Bacto agar | Agar A. Extract agar | Infusion agar 
TABLE 5 
Showing the relation of average bacteriological counts and average of pH scores 
NUMBER OF SAMPLES | wits pH score or 
7 100 10,300 
10 95 34,200 
10 90 44,600 
4 85 63,500 
10 80 92,800 
8 75, 70 150,000 
13 65, 60, 55 562,000 
14 50 5,086,000 
13 45 4,178,000 
2 40 2,714,000 


of samples in the various groups, do not check when taken 
separately but do check when arranged together as shown in 
table 5. 

The samples of milk scoring 50, 45 and 40 show a decrease in 
bacterial count. This is probably due to the fact that some of 
the inert types find the increased activity of the acid bacteria 
unfavorable. 
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TABLE 6 
Comparisons of the pH score, reductase grade and the bacterial plate count on 8? 
samples of milk 

LaBona-| "conic centr ||EABORA-| ‘CUBIC CENT 

1 90 | Good 10,000 42 45 | Fair 175,000,000 
2 80 | Good 55,000 43 55 | Bad 65,000,000 
3 80 | Good 50,000 44 55 | Very bad 2,000,000 
4 95 | Good 10,000 45 45 | Bad 60,000,000 
5 80 | Good 120,000 46 35 | Very bad | 140,000,000 
6 55 | Fair 1,500,000 47 75 | Fair 1,800,000 
7 75 | Fair 300,000 48 55 | Bad 75,000,000 
8 80 | Good 160,000 49 45 | Very bad | 120,000,000 
9 95 | Good 85,000 50 45 | Bad 110,000,000 
10 90 | Good 80,000 51 45 | Bad 45,000,000 
ll 95 | Good 110,000 52 45 | Very bad | 160,000,000 
12 50 | Good 3,000,000 53 45 | Bad 80,000, 000 
13 95 | Good 6,000 54 50 | Bad 30,000,000 
14 90 | Good 20,000 55 35 | Very bad | 50,000,000 
15 75 | Fair 6,000 56 50 | Fair 4,000,000 
16 95 | Good 100,000 57 45 | Very bad 840,000 
17 90 | Good 25,000 58 55 | Fair 35,000 
18 80 | Good 35,000 59 55 | Fair 220,000 
19 65 | Good 40,000 60 55 | Fair 420,000 
20 95 | Good 10,000 61 55 | Fair 9,000,000 
21 90 | Good 24,000 62 50 | Fair 84,000,000 
22 85 | Fair 220,000 63 55 | Fair 42,000 
23 80 | Good 80,000 64 55 | Fair 660,000 
24 85 | Good 30,000 65 55 | Fair 460,000 
25 75 | Good 500,000 66 35 | Very bad | 84,000,000 
26 80 | Good 30,000 67 50 | Fair 280,000 
27 95 | Good 16,000 68 50 | Bad 1,200,000 
28 50 | Bad 65,000,000 69 55 | Fair 30,000,000 
29 40 | Very bad /110,000,000 70 50 | Bad 1,500,000 
30 45 | Very bad | 50,000,000 71 45 | Bad 700,000 
31* 72 50 | Bad 850,000 
32 45 | Very bad |160,000,000 73 90 | Good 300,000 
33 35 | Very bad |175,000,000 74 50 | Fair 100,000 
34 40 | Very bad | 90,000,000 75 50 | Fair 980,000 
35 45 | Very bad /|125,000,000 76 45 | Bad 2,000,000 
36 45 | Very bad | 70,000,000 77 45 | Bad 40,000,000 
37 50 | Very bad | 45,000,000 78 50 | Bad 2,500,000 
38 50 | Very bad | 65,000,000 79 85 | Fair 40,000 
39 35 | Very bad |180,000,000 80 55 | Fair 700,000 
40 55 | Fair 5,000,000 81 55 | Fair 500,000 
41 55 | Fair 6,000,000 82 55 | Fair 250, 000 


Plate contaminated. 
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This table does not include the nine samples of milk in group 
III which were incubated at 37°F. or the two samples of pasteur- 
ized milk in group I. 

A matter, closely related to the above, is some comparisons 
which were made between the pH method, the reductase test, 
and the official plate count of bacteria in milk. In this work 
there are 82 samples of milk which were tested by the three 
methods. The plating technique was that given in the Fourth 
Edition of “Standard Methods of Milk Analysis,”’ published by 
the American Public Health Association. The reductase test was 
that given as a provisional method in the same publication. 
Methylene blue tablets sold by the National Aniline and Chemical 
Company were used. Correction as to the strength of the 
methylene blue solution was noted. 

The results are recorded in table 6. 

A study of the data reveals the fact that the pH method cor- 
relates as well with the average bacterial count as does the re- 
ductase test. The following parallel comparisons will show this. 


Reductase ratings: 
204,000 

pH score ratings: 


Looking at the individual ratings the following facts are 
brought out: 


2 samples classified as good by reductase test had excessively high counts 
20 samples classified as fair by reductase test had excessively high counts 

0 samples classified as poor by reductase test had low counts 

0 samples classified as very poor by reductase test had low counts 


2 samples classified as good by pH score had excessively high counts 
3 samples classified as fair by pH score had excessively high counts 
3 samples classified as poor by pH score had low counts 

0 samples classified as very poor by pH score had low counts 
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SUMMARY 


1. When plating methods are used, no one medium should be 
expected to give results which indicate correctly the condition 
of all grades of milk. 

2. The pH score proved more efficient as a means of detecting 
slight changes in the history of milk than did the plating methods 
tried. 

3. The methods as a whole were efficient in detecting slight 
changes in the history of the samples as follows: 

In samples with bacterial counts under 25,000—45.8 per cent 
efficient. 

In samples with bacterial counts between 25,000 and 100,000— 
71.4 per cent efficient. 

In samples with bacterial counts between 100,000 and 1,000,000 
—85.0 per cent efficient. 

In samples with bacterial counts over 1,000,000—97.0 per cent 
efficient. 

It seems that the medium giving highest average counts 
depends upon the predominant groups present in the sample 
studied. This may account for divergent results obtained by va- 
rious workers. 

4. In 81 comparisons of the pH score with the reductase rat- 
ings and the bacterial plate counts, the pH score checked as well 
with the number of bacteria per cubic centimeter as did the re- 
ductase rating, although neither is an absolute measure of the 
bacterial content. 
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N the manufacture of Babcock Test Bottles, 

strains are introduced in various places (shown 

in black) due to the heating and cooling thru which 
the bottles pass. 


These strains are invisible to the naked eye, but they 
can readily be detected with a polariscope (strain 
finder) like the X-Ray locates abscesses in teeth. 


Kimble Bottles are given a special re-annealing after 
all the usual manufacturing operations are completed. 
This extra annealing removes the strains and there- 
fore eliminates the points of vital weakness where 
breakage usually occurs. 

You cannot be certain that you have no hidden ab- 
scesses in your teeth unless they are X-Rayed, there- 
fore For Assurance of Babcock Test Bottles free of 
invisible strains specify Kimble Brand. 
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By NICHOLAS KOPELOFF, PH.D. 
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Since Metchnikoff’s work on sour milk therapy, the most important advance is the 
development of lactobacillus acidophilus. However, clinical observations have not 
been recorded as rapidly as experimental work in this field and the present book is 
an attempt to record clinical results in quantitative terms. 

The author is best qualified to write with authority on the subject because of the 
rather exhaustive clinical experimental work he has conducted. His conclusions and 
recommendations with regard to the applications of lactobacillus acidophilus in con- 
stipation and in other intestinal disorders have unusual value for the practicing 
physician, the dietitian, the bacteriologist, and the clinician. 
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Twenty Years Ago 


Twenty years ago much of the equipment we find 
in a modern creamery, cheese factory, or dairy, did not 
even exist. It hadn't been invented. 


Yet they made pretty good butter even in those 
days. 


Nevertheless, twenty years ago hundreds of cream- 
eries, dairies, or cheese factories enjoyed the same pro- 
tection of sweet, wholesome, cleanliness, for, 
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then as today was the standard dairy cleaner. 


The quality of this unequaled dairy cleaner and the 
superior results its use provides, has kept pace with 
every advance in dairy practice. 


Ask your supply man for 
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“You can feed a cow until she bursts, but she will not produce milk unless she has 
the inheritance for doing it.” 


MILK SECRETION 


By Dr. Jonn W. GowENn 
Maine Agricultural Experiment Station, Orono, Me. 


Was written to show how breeding can increase milk yield and butter 
fat production in dairy cattle 


Average milk yield per dairy cow in the United States is slightly more than 3000 
pounds per year. A really good cow will yield from 12,000 to 18,000 pounds per 
year on the same amount of food. Then why keep a low-yield cow? Why bring 
them into the world at all? 

Dr. Gowen wanted to answer these questions so he attacked the problem experi- 
mentally. MILK SECRETION is the result of his years of careful work. 

The information in this book is just the sort of practical help that will enable the 
breeder and dairy man to obtain maximum quantity and quality milk production. 


Price, $4.50 
ORDER FROM THE PUBLISHERS 
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Physics 
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Physicist, Bureau of Standards, Washington, D. C. 


No man can reduce the abstractions of physics, of space, matter and time, of 
atomic structure, of thermodynamics, to the language of the primer; but Dr. 
Heyl’s book brings them within the scope of any person willing to think. 


Dr. Heyl was winner of the Boyden premium of the Franklin Institute in 1907 
offered to that scientist who should measure the velocity of the invisable light 
rays; he is well known for his work in crystallization, under electrostatic stress, 
from a current bearing electrolyte. 


A book which will serve a dual purpose—to entertain and to instruct. A book 
which you will enjoy reading just as you like good literature of other sorts. 


Price $2.00 
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A practical, advanced text for students, teachers and dairy 


cattle breeders 
Manual of 


DAIRY CATTLE BREEDING 


By JOHN W. GOWEN, Ph.D 


Maine Agricultural Experiment Station 
Author of MILK SECRETION 


Students ready for their junior or senior year in animal breeding have hitherto 
been handicapped through lack of a suitable, sufficiently advanced text for use as a 
laboratory manual. In DAIRY CATTLE BREEDING, Dr. Gowen has supplied 
that deficiency in a remarkably practical and efficient manner. Students and 
teachers at the Maine Agricultural Experiment Station using the exercises and 
references of this manual, and Milk Secretion as an accompanying lecture course, 
have been enabled to accomplish a very thorough course in less than the usual 
time required. 

A grounding in the elements of biology, including pure genetics, cytology, and 
the mathematics of statistics is necessary in order to get the full value from this 
book. Outside reading of books listed in the Manual will aid materially those 
without this training. The usable form sheets, outlined exercises, and complete 
references add greatly to the practical value of this Manual. Of great value and 
help to practical breeders. 
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THE AMERICAN 
DRY MILK MACHINE 


Answers the need of dairy plants where a high 
grade product is desired at the lowest possible 
investment and operating cost. 


The dry skim milk produced by this machine 
is suitable for use by bakers, confectioners 
and ice cream manufacturers, and possesses 
an unusually high percentage of solubility for 
so-called “‘roller process” dry milk. This is 
due to the short time the milk remains in 
contact with the drying surfaces, the relatively low steam pressure, and the polished 
drying surfaces. 
We believe dry milk can be produced by one of our machines at a cost per pound lower 
than by any other machine, or process, now in use. 


This is due to the price of the machine as compared with its capacity, its lifetime construc- 
tion and its low power and steam consumption. (IWrite for further information) 
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4601 W. Ohio St. CHICAGO 
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Uncle Jake says— : 
‘Refusing to look the naked truth ‘n the face is what 


might be termed false medesty.” 


If Christopher Columbus had refused to investigate we might never have 4 
been discovered. 


Dairy men who have investigated, these who have tried it and proved it, 
do not hesitate to say that 
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GUERNSEYS 


The Quality--Quantity Breed 


The Advanced Register records of 
the Guernsey breed offer a wide field 
for research and study. 


We find, for instance, that the ad- 
dition of approximately 2500 records 
made during 1924, to the 17,000 that 
existed before January 1, 1924, raises 
the average production of the breed 
by over five pounds of butter fat 
and over 100 pounds of milk. 


Information concerning the 
Guernsey breed is gladly given. 
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Wagner’s Precision Milk and Cream Test Bottles 

with Indestructible Black Graduation, guar- 

anteed not to decolorize; eye strain is practically 

eliminated, thereby insuring accuracy, efficiency, 
and contented opera- 
tors; the easy reading 
gives a sense of secure- 
ness to the operator, it 
fortifies him against un- 
just claims; it makes 
retesting and rereading 
unnecessary; saving 
time and wages. 


Some of the testimonials 
received, read: 


“The Wagner Test Bottles with 
Indestructible Black Gradua- 
= are worth their weight in 
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Order from us or your 
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One of every four or five molds en- 
countered in handling general problems 
is an Aspergillus. The literature and 
references are scattered in some 300 
places in nearly a dozen different lan- 
guages. The present research has 
sought and found the original descrip- 
tions of all but three species, where sec- 
ondary references had to be taken. 
Complete key to the identifica- 
tion of the species included. 
Abbreviated key given for ready 
practical application. 
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The Determination of Hydrogen Ions 


Wm. Mansfield Clark, Ph.D. 
U.S. Hygienic Laboratory, Public Health Service 
Recognized as the authoritative text book on 
bydroger ion work. Discusses the fundamental 
theories involved as well as practical applica- 
tions. A comprehensive bibliography is a 
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A New Science A New Therapy 
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The Bacteriophage and Its: Behavior 


F. DHERELLE, Author of The Bacteriophages Its: Rble in Immunity 


The author's first book on “The Baeteriophage” created a 
sensation in the medical world because of the radically new 
concept of immunity which it presented. 

Of the present book the author'says; “I offer physiological 

_ proof of the living nature of the bacteriophage; an infravisible 
parasite of bacteria. Logic demands that the evidence which 
Ihave provided’ be justly evaluated before contrary theories 
be:affirmed.” 

The new book is in three parts with an introduction consist-. 
ing of chapters on history, terminology, and technic, Part I 
deals with phenomenon of bacteriophagy; Part II with the 
behavior and nature of the bacteriophage; Part III with the 
antigenic properties of the bacteriophage protobe and its 
behavior in disease and in epidemics; and specific therapy— 
virtually a clinical section. 


Cloth, gold stamped’ 650 pages. 


Reviews all work done on the bacteriophage—Bibliography of 650 
‘referentes. 


New. materiai not hitherto published in any language. 
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